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‘clues about past fluid flow and geochemical 917 Random Samples 
conditions within the subsurface. The image 919 Newsmakers 

is about 1 kilometer across; illumination is 101) New Products 
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SCIENCE EXPRESS 


CLIMATE CHANGE 
PHYSICS An Active Subglacial Water System in West Antarctica Mapped from Space 
BREVIA: Room Temperature Quantum Hall Effect in Graphene HLA Fricker I, Scombos, R adler, L. Padmon 

K.S. Novoselov etal 


9 rapidly under the Antarctic 
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ROSCIENCE 
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GeoLocy 
‘Magmatic and Crustal Differentiation History of 980 
Granitic Rocks from HI-O Isotopes in Zircon 

ALLS. Kemp etal. 

afnium and oxygen isotopes in zircon crystals imply that commen 
aries form by reycing crustal material mante-derived 
‘magia, not by remeting deep crsta rocks, 

>> Pevipectvep 952 

PLANETARY SCIENCE 

Fracture-Controlled Paleo-Fluid Flow in 983 
andor Chasma, Mars 

GH. Okubo and AS. McEwen 

Bleaching and cementation i seen in fractures and joints that 
riscrssthe layered, sulfaterich rocks of CadorChasma on Mars, 
‘eveating an ancient hydrologic tem. 

ANTHROPOLOGY 

Starch Fossils and the Domestication and Dispersal 986 
‘of Chili Peppers (Capsicum spp. L.) in the Americas 

L Peny etal 
|Micotosis of starch particles show that cil peppers were wed 

‘ot ust as food but to add spice to cuisine by 8000 years ago in 

the New Wor, even belore the use of pottery. 

>> Perspective. 6 

DEVELOPMENTAL BIOLOGY 

‘Multipotent Drosophila intestinal Stem Cells Specify 988 
Daughter Celt Fates by Differential Notch Signaling 
B.Ohistein and A. Sprang 

‘tem cell daughters in the Drosophila intestine can take on one of 
thre identities this choice controlled bythe activation level ofa 
common developmental receptor. 

CELL BIOLOGY 

Polymerizing Actin Fibers Position Integrins Primed 992 
to Probe for Adhesion Sites 

©. G. Galbraith, KM. Yamada, J. A Galbraith 

‘noite cls, actin fides form integrin-<overed protrusions that are 
poised to interact with surtaces in the e's search fr adhesion sites. 


NEUROSCIENCE 
Maplike Representation of Celestial €-Vector 995 
Orientations inthe Brain of an Insect 

S$, Heince and U. Homberg 

Thecrlentation of polacied lights represented a a columnar map 
‘nthe locust brain, which may help to orient the insect under the 
open shy. 
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GENETICS 
‘The Calyptogena magnifica Chemoautotrophic 998 
Symbiont Genome 

LG. Newton etal. 

‘Achemeautotrophic symbiont of the giant clam found in 
hydrothermal vets has a comples metabolic repertoire and 

‘an provide its hast with most nutritional needs, 


MicRoBioLocy 
‘The Phosphothreonine lyase Activity of a Bacterial 1000 
‘Type Effector Family 

Hlietal. 

‘Alam ofvrlence factors in bacteria removes a phosphate from a 
‘ey signaling enzyme in ts infected host and thereby interferes with 
the host's innate immunity. 

MICROBIOLOGY 

‘Archaeal Type Il RuBisCOs Function ina Pathway 1003 
for AMP Metabolism 

T. Sota, H. Atom, T. manaka 

‘In ponphotosynthetic Archaea, the enzyme RUBISCO does nat fit, 
a5 doesn plans; instead it salages adenosine and diverts ribulose 
{oto the central metabolism. 

MEDICINE 

Cadherin-11 in Synovial Lining Formation and 1006 
Pathology in Arthritis 

D.Al Leet al. 

‘A mouse version of rheumatoid athrits can be amitorates by 
‘nition or elimination ot a cel surface adhesion molecule found 
‘within joins, suggesting therapeutic approach for humans, 
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The Chimpanzee Stone Age 
New find su9g 
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Taking Stock of Trees 

Bank grant makes posible worldwide compartion of 
forest dynamics 


Truly Tubular 1V 


Improved organic LEDs might lead to roll-up vi 


Do your homework before accepting an offer. 


CIENCE CAREERS. 


4 US: Tooling Up—Employment Due Diligence 

3 

: accepts job offer without doing a backg 
investigation i taking a serious risk 


3 US: Opportuities—A Day in the 
: Fite pee 
3 unlikely entrepreneur sniffs out a new opportunity. 
: The blossoming of kinase inhibitor research GLOBAL: Mastering Your Ph.D—Dealing With Setbacks 
§ P Gosling and B. Noo 
2 SCIENCE'S STKE G how to pick yours up, brush youre ol, and move on, 
2 
‘ 
H PERSPECTIVE: Meeting Report—Targeting the Kinome, 
H 20 Yeas of Tyrosine Kinase Inhibitor Reseach in Basel 
H 1 Bozulic, PJ. Morin. Hunter, ‘ 
g ‘Scientists explore the past, present, and future of protein kinase 
Fy research in light of cancer therapy development. 
g EVENTS: 
2 
Search or brome this update ist of signaling elated meeting 
z 
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<< Routes of Chili Pepper 
Domestication 


‘Awide variety of chili peppers were cultivated and 
used in cooking throughout the New World. 
Perry et al. (p. 986; see the Perspective by 
Knapp) identified a starch from chili peppers on 
ancient pottery and stone tools that is diagnostic 

‘of groups of chili species. The starches were found 
at various archaeological sites, including from about 

6500 years ago in Ecuador, and suggest multiple 

domesticated chili species by about 4000 years ago. 


‘heDis roP To NoTroun MOTOS CoM PREY ANOBUECK 


Delayed Choice for 
Quantum Mechanics 


Wave-partile duality i atthe heart of quantum 

nechanics. Particles and photons can display both 
properties, and which property is measured 
{depends on the type of measurement made. What 
if the experimental setup changes when the pho 
tom or particle is “in flight” and has already 
entered the experimental apparatus? Jacques et 
4. (p, 966) report an almost ideal realization of 
such a “delayed choice” experiment as formulated 
by Wheeer A triggered single-photon source pro 
vides a mechanism for precise timing ofthe 
experiment within laboratory conditions, The 
behavior ofthe photon in the interferometer 
depends onthe choice of the observable thats 
measured, even if that dioie is made when the 
Photon is aleady inthe system. 


Water Marks 


Water may have once flowed on the surface of 
‘Mars when it was warm and wet. Today, however, 
all that remain are mineral deposit, including 
sulfates and clays. Okubo and McEwen (p. 983; 
see the cover) show in very detailed images from 
the Mars Reconnaissance Orbiter that water once 
flowed along fractures that crossed the layered 
‘deposits in western Candor Chasma. Geachemi: 
cal bleaching and cementation are seen in the 
fracture zones that are similar to water-related 
processes on Earth, 


Finding a Good Example 
Complex datasets can be more readily analyzed 
il representative examples can be identified. 
‘Such “exemplars” might be points around which 
data wil cluster, archetypal faces among a 
gallery of actual photos, or possible exons in a 
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‘gene sequence. Unfortunately, extracting exem 
plars is computationally intensive, and conven: 
tional techniques only work well with numerical 
measures of data-point similarity and ifthe ini 
tial guess is close, Frey and Dueck (p. 972, pub’ 
lished online 11 January; see the Perspective by 
Mézard) now report a method that enables 
much faster exemplar detection, The algorithm 
works by having the 

data points 

exchange “ 
sages” that com: 
municate whether a 
particular point 
could be an exem: 
par; iteration of 
the message-passing process allows dramatically 
faster processing as certain data points emerge 
as truly representative. 


Guests Move in 
When It’s Hot 


Microporous metal-organic extended arrays 
can absorb guest molecules at specific sites, 
and Bradshaw et al. (p. 977) show that 
water molecules ina Co extended array, 
{o,{bipy),(50,),(H,0),], can undergo subst 
tution reactions with sorbed methanol and 
bipyridine molecules upon heating in a dry 
inert atmosphere. Hy drogen-bonding interac 
tions place two bipyridines oF two methanols 
near alternating Co atoms along linear chains 
within the solid. When these molecules dis 
place the water ligands, the chains adopt a 
zigzag geometry. Other Co sites are spectators 
that help maintain the framework while this 
reaction proceeds. The reaction can be 
reversed by rehyérating the crystal at room 
temperature 


Unpeeling Granite’s History 
Large granite bodles may have formed within 
Earth’ cust by intrusion of new magma or by 
remelting of igneous varieties of crustal rocks 
The evolutionary history of granites can be 
revealed by examining the chemistry of succes 
sive ayes ofits large constituent estas, 
notably zircon. Kemp etal (p. 980; se the Pet 
spective by Eiler) have meas 
tuted hafnium and oxygen iso: 
topes in zoned zircon crystals 
from the classic granites of 
eastern Australia, They found 
that these granites formed by 
the reycting of deep crustal 
rocks as mantle magma rose 
{hough ther, rathe than by remelting ancient, 
shallower crust, as was widely believed 


Hippocampal Dualism 


The formation of discrete representations in 
‘memory has been hypothesized to reflect 
neuronal pattern separation at the early 
stages of the hippocampal formation, but 
both location and mechanisms of the process 
hhave remained elusive. Leutgeb et al. (p. 961; 
see the Perspective by Fenton) show that the 
hippocampus has at least two mechanisms for 
pattern separation associated with different 
patts of the hippocampal circuit. In the den 
tate gyrus, signals are separated by high 
fidelity decorrelation of coactivty patterns 
within a subset of active cells. In CA3, further 
separation is achieved by activation of non: 
overlapping neuronal subpopulations. The 
two mechanisms of pattern separation, asso: 
ciated with different parts of the circuitry, 
support distinct forms of ensemble represen: 
tation in the hippocampus. 
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Sustainable Well-Being 


ECONOMIC PROGRESS ACHIEVED SINCE THE ADVENT OF INDUSTRIALIZATION HAS RESULTED 
largely from advances in science and technology (S&T). Yet even associ 
through choices that we have come to take for granted, decisions on its future are ine 
being questioned and scrutinized. The current path of economic growth deviates from the 
objectives of sustainable development. Its not only society at large, spearheaded by leaders of 
public opinion, that is expressing concerns, but also the scientific e which is 
Jooking for ways to promote the sustainable well-being of all humanit 

This microscopic analysis of science and its applications emanates from several valid concerns 
the role of science in the development and extensive use of lethal weapons; the continuing 
existence of widespread poverty. with over a billion people in the world remaining virtually 
untouched by the benefits of modern S&T; and the threat of serious environmental extemalities 
from unprecedented levels of production and consumption of goods anal services. 

A meaningful discussion of S&T solutions to contain War, terrorism, and heinous erime 
cannot be included in this limited space, but the other two issues deserve 
elaboration, The distinguished economist Kenneth Boulding. a rare 
intellectual farahead of his time, pointed out that two centuries ealie, the 
difference in average income between the poorest country in the world 
and the most prosperous was no more than 1:5. When he expressed this 
cconcem 30 years ago, he estimated it as being 1:50. Income and wealth 
disparities are even sharper today. Despite astounding progress globally, 
the S&T gap between rich and poor nations isironically wider now; If this 
‘growing chasm snot bridged fissiparous tendencies will inhibitand even 
reverse prospects for enhancing human welfare, Unfortunately, the global 
community has failed to bring technological opportunities and skill to 
underprivileged and impewerished communities across the gobe. 

The challenge of widespread worldwide poverty has typically been 
aukdressed through doles and handouts as convenient but largely ineffective 
ps enues for applying modern S&T to 
develop local skills and capacity. generate income and employment on a 
sustainable basis. A program being spearheaded by The Energy and Resources Institute 
embodies technological innovation in the alli H 
resource management, and information technology in partnership with local entrepreneurs 
forthe sustainable well-being of rural communities in Asia and Africa, This approach, called 
Integrating New and Sustainable Technologies for Elimination of Poverty, meets challenge 
that could become insurmountable if ignored any longer. Creating opportunities for the 
productive application of S&T by the most dispossessed communities of the world isa task 
that scientists and policymakers must embrace with urgency. 


‘Among the negative externalities created by human activities, the cumulative emissions of 


greenhouse gases have had by far the most serious consequence in the form of global climate 
change. Cuts in emissions of these gases require technological initiatives to stabilize the 
concentration of greenhouse gases. Because the impacts of climate change will continue for 
centuries. adaptation measures will also require the timely application of S&T. However, 
these will not take place in a policy vacuum. Regulatory and fiscal measures will have to be 
put in place by governments. facilitated if necessary by multilateral agreements to trigger the 
development and appli ippropriate technological solutions. 

The agenda for the global scientific community is very clear. We must recognize and 
evaluate the most critical impediments to the sustainable welfare of human society. including 
various threats to human life and global peace. disruptions in the delicate balance of Earth's 
natural systems, and the growing gap between rich and poor. These three sets of conditions are 
intimately interlinked. requiring a coordinatped approach to solve them. Scientists must work 
with decision-makers to devise rational policy measures that mobilize desirable responses in 
the form of development and deployment of suitable S&T solutions in these areas 

=R.K, Pachauri 
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BIOCHEMISTRY 


Squaring a Cube 


The detection of environmental changes is of paramount importance for 


microbes, and a host of mechanisms have evolved in which signal 
coupled to an amplification step in order to increase sensitivity a 


detection és 
nd to reduce 


response time. The bacterial regulator of fumarate and nitrate reduction (FNR) 


regulates the transcription of more than 100 genes in response t 


to the transition 


from anaerobic to aerobic growth; molecular oxygen triggers a conversion of its [4Fe- 
4S} cluster into a [2Fe-25]?* cluster, leading to conformational changes in FNR and 


dissociation from DNA. 

Crack et al. report that this reaction not only detects dioxy- 
gen, but actually uses it to amplify the signal, consuming some 
in doing so. The first step in signal detection isa one-electron 
‘oxidation of the [4Fe-45]#* cluster that transforms it into a [3Fe- 
45] cluster, and a kinetic analysis confirmed the oxygen- 
dependent coincident loss of the [4Fe-45] cluster and the 
appearance of the ejected Fe’ and the superoxide anion (0, 
The second step is about 10 times slower, and a second Fe 
departs (as Fe) in the conversion of the [3Fe-45]** cluster into 
a [2Fe-25]* cluster. Superoxide fs known to undergo dismuta- 
tion into oxygen and hydrogen peroxide, which can itself dismu 


[4Fe-4s]?* 


‘A model of FNR, with its DNA binding domain at 
the top and the iron (red)~sulfur (yellow) cluster at 


Genenics 
Recognizing Oneself 


Self-incompatibilty, a plants rejection of pollen 
{rom itself or a closely related individual, pre 
vents inbreeding, which can lead to a loss of het 
erozygosty and deleterious combinations of 
recessive alleles, Arabidopsis has become set 
compatible, whereas several closely related 
species, including Brassica, remain self-incom 
patible. Both the S:locus receptor kinase (SRK) 
‘and the S:locus protein 11 (SPLL/SCR) are 
«ated in the phenomenon, 

Shimosato et al. have investigated the inter 
action between SP11 and SRK in Brassica. Two 
proteins of 60 and 100 kD were previously 
shown to bind to SP21; both are forms of SRK, 
with the smaller one being a truncated, though 
still membrane-bound, form of the full-tength 
protein, The latter binds to SP11 with high 
affinity whereas the former does not, suggest: 
ing that they may function differently. Sher 
‘man-Broyles etal. have investigated the main 
tenance and degradation of the SRK and SCR 
genes. They found that in comparison to the 
fully sequenced Arabidopsis Columbia-O acces: 
sion, both genes in the C24 accession have 
undergone extensive rearrangement and signif 
icant parts of the SCR gene have been deleted, 
possibly through the insertion and deletion of 


tate into oxygen and water. In sum, one O, molecule can trigger the bottom. 
the disassembly of four [4Fe-45] clusters. — G]C 
Proc Nal, Acad. Sct. U.S.A. 104, 2092 (2007) 
transposable elements. These differences in the 


5 locus region suggest that these genes have 
followed different trajectories after the loss of 
sell-incompatiitity. — UMZ 
Plont Cell, 10.1105/<-105.038869, 
10.1105/1p«.106.048199 2007). 


CELL BloLoGY 
Life Without Amyloid 


The amyloid precursor protein (APP) isa trans 
‘membrane protein that has been linked to 

some forms of familial Alzheimer’s disease, but 
the normal function of the protein is a mystery. 
The nematode worm Caenorhabditis elegans 
possesses a single APP-related gene, termed 
‘pl-1. Hornsten etal, have examined the role 
of apl-t, which is expressed in a variety of tis 
sues, including neurons. Worms with a dis 
‘upted opl-1 gene died as larvae, exhibiting 
defects in molting, locomotion, and morpho- 
genesis. These mutants could be rescued by the 


‘opl-1 is expressed in a variety of tissues (green). 


‘expression of the soluble extracellular domain 
of APL-1 protein in neurons. In addition, over 
‘expressing the APL-1 protein in a wild-type 
background was detrimental; this effect could 
be mitigated by reducing the levels of SEL-12, 
which is C. elegans homolog of presenilin, an 
‘enzyme that cleaves APP in humans, Thus, it 
appears that APL-1 performs an essential func 
tion during development in the nervous system, 
Interfering with APP expression or modifica 
tions in patients may therefore have unin 
tended and unexpected consequences. — SMH 
Proc. Natl. Acad, Sci U.S.A. 104, 1973 (2007). 


ATMOSPHERIC SCIENCE 
Wind, Rain, and Aerosols 


Theory suggests that a rising concentration of 
aerosols should reduce wind speeds below, due 
‘mainly tothe increase in atmospheric stability 
that such loading would cause, Consequences 
range from decreased evaporation and rainfall to 
2 multitude of secondary impacts, such as reduced 
availability of wind eneray for the generation of 
electricity and decreased hydroelectric potential, 
Jacobson and Kaufman use a three-dimensional 
‘computer model and satelite data to examine the 
potential effects of aerosol particles onthe distr: 
bution of wind speeds and the resulting feedbacks 
to precipitation, water supply, and wind energy 
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across California. They find that pollution by 
aerosols may be decreasing local winds by upto ~ 
8% and, together withthe second indirect aerosol 
effect, may be reducing precipitation by 210 5%. 
These effects have obvious and unwelcome prac 
cal consequences, but they aso rase the hopeful 
possiblity that by limiting or reducing aerosol 
pollution, California can lessen future strains on 
‘ts water supply and wind/hydroelecrc power 
generation systems. — HJS 

Geophys. Res. ltt. 33, 124814 (2006) 


MATERIALS SCIENCE 
Inserted in Isolation 


Microcontact printing (4.CP) with elastomeric 
stamps can be used to pattern self-assembled 
‘monolayers (SAMs) on surfaces, but it can also 
bbe useful to create mixed SAMs in 
which one of the molecules is. 
diluted within the other layer 
‘Mullen et al. show that more 
diffusive molecules, which 
are often difficult to pat 
team with CP, can be 
inserted into more 
stable SAMs by a 
‘method they term 
‘microcontact 
insertion printing 
(CIP). An existing 
SAM (in this case, 
‘Loctanethiolate assembled on gold) is con 
tacted in a subsequent CP step with a second 
molecule, either 11-mercaptoundecanoic acid 
(MUDA) or 1-dodecanethiolate 

The extent of insertion, which occurs prefer 
centially at defect sites, can be controlled by 
changing the contact time and concentration 


Large and smalt MUDA 
blocks patterned sequen- 
tially on gold. 


EDITORS'CHOICE 


AAAS Travels 


of molecules on the stamp, and more complex 
patterns can be created with additional rounds 
of clr. — PDS 

‘Appl Phys Let. 90, 10.1063/12457525 (2007) 


cHEMIsTAY 
ASilver Solution 


Despite widespread efforts toward development 


of printable semiconductors for large-area, flex 
ble electronics media, far less attention has been 
siven tothe printable conducting material 
‘required forthe wiring and connections within 
such devices. Both gold and silver possess high 
conductivity and operational stability, but pre 
cise patterning with these metals typically 
fequires vacuum deposition. Wu et al. have 
devised a simple solution- based process for pat 
terning conductive silver 
features on a substrate, 
Using coating, stamping, 
ing techniques, they 
deposit an alcohol solution con 
taining a silver) salt, a hydrox: 
yalkylamine, and a long-chain car 
bowylic acid. Subsequent heating at rel: 
atively low temperature (150°C) forms the 
conducting silver elements, The amine func 
tions as a gentle reducing agent, with sufficient 
volatility to evaporate easily afterward. Achiev 
ing high conductivity requires acid additives 
with decyl or longer alkyl tails, which foster the 
‘growth of films without discernible grain bound: 
aries. The method was applied to fabrication of a 
nsistor device, in which the 


layered thin-film 
silver showed conductivity comparable to that of 


more costly vacuum- processed gold. — MSL 
J. Arn. Cher. Soe. 129, 10.1021)2067596W 
(2007), 


<< Microregulating Inflammatory 
Responses 
[| __AYAaas| {Inflammatory responses help protect against infection, but these signal 
‘ng pathways may also contribute to some diseases. O'Connell et ol 
WWw.stke.org have investigated the fate of microRNAs (miRNAS) during viral infec: 
tion. They monitored the expression of 200 miRNAS in response to 
polyiboinosinicpolyribocytidylic acié [ply( Ci, a synthetic double-stranded RNA that is used to 
mimic viral infection, or to the antiviral cytokine interferon {5 (IFN-). One such miRNA, miR-155, 
‘showed increased expression in macrophages in response to both stimuli. The response to poty(I:Q 
Fequired upstream signaling via Toll receptors an the MyD88 or TRIF adaptor proteins. Intererons, 
‘on the other hand, stimulated expression of miR-155 through a slower pathway that required 
autocrine signals mediated by tumor necrosis factor-d. The two pathways were shown to converge 
‘onto the JNK mitogen-activated protein kinase a a JNK inhibitor blocked both miR-155 responses. 
Because the gene encoding mi-155 isasite where avian retroviruses integrate, and miR-155 over- 
‘expression can cause B cell lymphoma in mice, the finding of miR-155 as a target of patimays 
activated by vial infection presents a link between inflammatory responses and cancer. — LBR 
‘Proc. Net Acod Sd. USA 108, 1604 (2007). 
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SOCCER MAN ON DISPLAY 


The Musée de (‘Homme in Paris has recruited a superstar. A new exhibition on the history of passud,” or “test 
ys the work shoul 


igits such as “1234" ot with “password, 


humankind opening this week wil feature a cast ofthe skull of world-famous soccer player Lilian Cukier help security 


Thuram. His cranium—reproduced using a magnetic resonance imaging scanner in January administrators combat mass automated assaults 


attain el fim ar 4 plo Bo yo yea Nec ese Way Back 
in the February issue of Sciences et Avenir, says the exhibit “shows we're all from the same family. Weather 


tury Khoisan woman from 


South Africa known as the “the ather Service 


Hottentot Venus” who was 
taken around Europe as a 
Curiosity and whose skelet 

genitals, and brain were on 


play in the museum af 


5 Beetciedl Sieteartvaned 
H to South Africa in 2002, 

5 Saartjie came in through a 

HW racist, colonial context, a5 a 

5 passive object on display,” says 

i i Frenchaean Wha peas The ilusrations and photos date from the 
4 to be black and who affirms: early 1800s to the 1990s, recording the 

y himself as an equal elects of floods, hurricanes, b 

8 other types of extreme weath 

t relive the st storms thal swept the Great 

5 Plains inthe 1930s and view some ofthe dam 
| Watch That Passwd a Se the Gl Coast 35 yes ele Kann. Th 
what shout’ you use as computer pa erpied Oseretime, Wed ja ore Uh gallery also records advances in weather 

§ ord? Engineee Michel Cukier and colleagues at | 12% a the atempt aden Sbserving technology and holds what might be 
% the University of Marytand, College Park “guest,” “info,” “a t. the oldest existing radar images of a weather 
f sougt o "bud a profile of atackes behavior” | “administrator,” and “oracle” Attempt even, which show a cold font blowing toward 
3 by monitoring four Linux computers connected | words were even more banal. In ad ston in 1943. 

H to the Internet, Over 24 days, there were trying name, most went with serial 

¢ Seed Bank Blueprints Unveiled 


‘A “Doomsday” seed vault, designed to preserve the world’s agricultural 
diversity, wil be built to survive the worst scenarios of global warming for 
at least2 centuries, according to architectural plans released last week. The 
54.8 million Svalbard Global Seed Vault will be located on a Norwegian 
island just 1000 kilometers from the North Pole (Science, 23 June 2006, 
1p. 1730), The plans cal for two chambers dug deep into a mountainside 
130 meters above sea level—more than high enough to stay dry even if al 
theice in Greenland and Antarctica melts. The chambers will be connected 
to the outside via a 120-meter-tong tunnel 

“This design takes us one step closer to guaranteeing the safety of the 
world’s most important natural resource,” says Cary Fowler of the Global 
Crop Diversity Trust, which wil help fund the operation and coordinate 
the acquisition of seeds. Construction should begin nest month and be 
finished by September. The architects designed an entrance with lighting 
so that it wil “gleam like a gem in the midnight sun.” 
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Los Angeles, where Anderson worked until he resigned last Septe 
70-year-old will need to be kept apart fro 


the court thi 
Kedes says, the equivalent of a “life sentence 


AWARDS 

MAHIDOL PRIZE. Sometimes the simplest 
solution is also the most effective. Four 
decades ago, researchers discovered that 
oral rehydration therapy (ORT), a mixture of 
glucose, salts, and water, could prevent 
patients from succumbing to cholera and 
other diartheal diseases, The 
through saves more than 1 million th 
year, primarily in developing counties 


jow-tech break 


Ata ceremony in Bangkok's Royal Palace on 
31 January, King Bhumibol Adulyadej o 
Thailand bestowed the Prince Mahidol Award 
‘on four physictan-scientists who played key 
roles in ORT's development: Stanley Schultz 
David Nalin, and Richard Cash of the United 
States and Dilip Mahalanabis of India, 


The award is named after King 
Bhumibot's father, Prince Mahidol of 
Songkla, a Harvard-trained physician who 
is known as the “Father of Public Health’ 
in Thailand. Schultz took hame $50,000 f 
the medicine prize; the others shared 
$50,000 for the public health prize. During 
4 private audience, King Bhumibol qui 
the awardees on topics such as stemming 
soil erosion to reduce the severity of 
seasonal flooding. “His Majesty knows his 
Cash says, 


FAISAL PRIZES. A British chemist, a 
Canadian endocrinologist, and a U.S. urolo- 
gist are among the winners of this year's 
$200,000 King Faisal International Prizes, 
awarded by the King Faisal Foundation of 
Saudi Arabia. U.K.-born James Stoddart of 
the University of California, Los Ange 
receives the science prize for his work on 
the self-assembly of molecular structures, 

a comerstone of nanoscience. The medicine 


Tip for this page? E-mail p 


<< In the Courts 


SENTENCED. Scores of letters pleading for 
leniency did not stop a Los Angeles judge 
this month from sentencing the pioneering 
gene-therapy researcher W. French Anderson 
to 14 years in prison. Anderson was con 

olesting a young 
girl (Science, 28 July 2006, p. 437). “itis a 
traged) ,” says Laurence Kedes, 
director of the Institute for Genetic Medicine 
at the University of Southern California in 
ber. Anderson's lawyer told 
other prisoners, making this, as 


victed last summer o} 


in solitary confinement. 
Laval University in Quebec City, Canada, 


and Patrick W 
University 
waryland, fo 
prostate 
surgical appr 
Rashed, a fo 


Johns Hopkins 
icine in Baltimore 


improving the management 


ancer using therapeutic and 
ar R 
ner researcher at France 
National Center for Scientific Research 
{s being honored for studies on Mu: 
contrib basic science, part 
‘mathematics and optics 
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MOVERS 
CRISIS MANAGEMENT. The Global Fund to 
Fight AIDS, Tuberculosis, and Malaria has a new 
‘guardian, Michel Kazatchkine, an HIVIAIDS 
immunologist who is currently France's ambas~ 
sador for HIVIAIDS and communicable diseases, 
Il become director 
the $7 billion 
eva, Switzerland, 
‘on 31 March, 

The fund's out 
going director, British 
public health expert 
Richard Feachem, 
has been dealing with, 
allegations that money 
was misspent on luxur 
ries. But observers are optimistic that 
Kazatchkine can steer the organization into 
Kazatchkine is not only an 
‘extremely accomplished AIDS physician with 
20 years of experience, but he successfully fan 
[the French national agency for AIDS research], 
‘one of the largest AIDS organizations in the 
slain Simp 
orld Health Organization, 


nother waters 


world 
the 


Money Matters 


TO HIS CREDIT. T, Denny Sanford, a South 
Dakota businessma 
in the credit card industry, is donating 
$400 million to cr world-class 
health care system and research cent 
Sioux Falls, South Dakota. And he w: 
researchers to choose a single area th 
will receive a significant chunk of the 
i. The project is expected to employ 
more than 100 researchers, and Sanford 


hopes it will “come up with a cure” in the 
chosen area. 

This isn’t Sanford’s first foray into sei- 
entific philanthropy: Last year, he prom= 


ised to give South Dakota $70 million 
toward an underground lab ifthe National 
Science Foundation chose its site in an 
upcoming competition. Hospital offic 
hope his latest act of generosity, which 
prompted the Sioux Valley Hospitals and 
Health system to change its name to 
Sanford Health, will transform the center 
into a national hub of medical research 
and patient care. 
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U.S. ACADEMIA, 


MIT Hunger Strike 
Or the Bitter Taste 


James Sherley, an African-American stem 
cell researcher at the Massachusetts Institute 
of Technology (MIT) in Cambridge, b 


hunger strike last week to protest the school's 


ial of his bid for tenure. Claiming that 
in his rejection, Sherley 


racism played a pan 
vows to maintain a daily presence outside the 


provost’ office until MIT 


‘admits” its bias 
and grants him tenure. His protest 
has divided the faculty and shined 
spotlight on the dearth of tenured 
Affican-American scientists at the 
nation’s 
Sher 
would have been the first tenured 
African American in the 41-person 
biological ¢ depart- 
of 

scully are under 


ment on a campus where 4! 
the tenured 


represented ethnic minorities, 
Despite winning a $2.5 mi 
Director's Pioneer Award from the 
National Institutes of Health for 


work on expanding lines of human 
adult stem cells, Sherley’s request 
fir tenure was denied in January 
2008, Two internal reviews didn't 
change the decision. Sh 
‘of complaints includes the alle 
tion that he was given less laboratory space 
than other colleagues and that the department 
chair asked his wife—a departmental col 
league who often clashed with Sherley—to 


ley’s list ofice betoren 


believes that some of the hostility from his 


colleagues is fueled by his opposition to 
ic stem cell research, 
2 the injustice that 


human embry 
“This is about endit 


many Affican-American scientists before me 
have endured in silence.” says Sherley, who 
has vowed to drink only water and take vita 
mins and electrolyte supplements. “We're 
carvers, throwing talent away. [ts 
not right, i's not smart, and I've decided to do 
something about it.” A day after Sherley 
began his strike, 11 professors including lin- 
guist Noam Chomsky circulated a letter 
demanding a review of the grievance process 


destroy 
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: Sour Grapes, 
of Racism? 


bya committce “composed of members from 
inside and outside MIT; 

At the same time, some 20 department 
jembers have si 


ned a statement contesting 
Was this absolutely 
ink 


there is such a thing, 
Claude Canizares, whose office asked a 


Public protest, James Sherley begins each morning outside the 


urning to his lab inthe altemoons. 


three-person committee to reexamine the 
tenure review. “But there was every attempt 
made to conduct the review with absolute 
fairness and integrity.” 
Sherley says he hopes his protest will hit 


the schoo! “ikea nuch 


it to examine the question of institution 
racism. Three days before he began his strike 
MIT President Susan Hockfield announced 
‘a comprehensive, rigorous, and systematic 
study of the impact of race on the hirin 
advancement, and experience of minority 
faculty at the Institute.” C 
‘akefs] advantage, in an ironic way. of 
the opportunity for discussion” created by 
Sherley’s dramatic step. “It has energized 
people on campus to talk about the issue.” 
Sherley’s hunger strike has also elicited 
MIT researchers, 


nizares says the 


support from two for 
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both A fican Americans, who say they encoun- 
tered an adverse climate at the school. “Some 
of my experiences during that time undercut 
iy status and represent the kind of racism 
that ... Sher wrote Sylvi 
Sanders, an assistant professor of biology 


between 1997 and 2001, in a 7 February letter 
MIT faculty. In one ease 


she says, a senior white professor told her that 
she had violated rules by bringing students into 
the faculty lunchroom, (There is no such rule,) 


Sanders’s leter also cited the reaction of a 
white colleague afer returning from a newro- 
“There were 10,000 neuro- 
‘and the only black people 1 
saw were the waiters, Why is 
that?” he asked her during 


ele 
vator ride, When she responded 
by asking him, “Why are there so 
fewAMrican Americansat MIT? 
Anyone can be a 
neuroscientist, but 
MIT!” Sanders now teaches third 
grade at a public school in Palo 
Alto, California, 

A second scientist, now a 


he replied 
this is 


tenured professor of chemistry at 
the University of Illinois, Urbana 
Champaign, believes that his fail- 
ure to win tenure at MIT wasn't 


based entirely on an assessment of 
ndthe 
profession, “Judgments are con- 
stantly being made whet 
are aware of them or not, and your 


his contribu 


MIT provost's 


idiosyneracies stand out much 
more if you ate black than if you are white.” 
says Philip Phillips, an African American 
who spent 10 years at MIT's chemistry 
department. Phillips says he doesn’t know 


‘what happened behind closed doors” during, 
his tenure review in 1991, “But I was told 
later that, for at least one faculty member 
involved in the decision, the fact that I wore 
be 


wey pants was.an issue.” 

Sherley, whose appointment ends 30 June 
hopes that his protest, begun S February, will 
force the university to confront such attitudes, 
Sherley says he’s lost 14 pounds since begin- 


his regimen of spending every morning 


outside the provost’s office before returning, 
to his lab in the afternoon, He promises to 
‘continue the routine indefinitely 
has 


“Something 
otto change at MIT.” he says. 
YUDHIIIT BHATTACHARIEE 
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RESEARCH INTEGRITY 


Bubble Fusion Researcher Cleared of 
Misconduct Charges, but Doubts Linger 


Purdue University officials last 
week declared that an internal 
Inquiry has cleared bubble-fusion 
researcher Rusi Taleyarkhan of 
Allegations of research miscon: 
duct, The announcement appears 
toring toanenda nearly yearlong 
row that has split the university 
id 
counterclaims still ricocheting 


But with scientific claims 


around the community, the battle 
over tabletop bubble fission show: 
no sign of dying down, 

feel vindicated and exoner: 
ated” Taleyarkhan says, “It's been a 
pressure cooker for about» year 
Taleyarkhan is the chief proponent 
of sonofusion, the controversial 
idea that sound waves can collapse 
bubbles in.a way that yields energy 
through nuclear fusion, Iftrue, the 


clean, limitless energy source 
Taleyarkhan's purported evidence 
for sonofusion drew scientific 
nce, 8 March 
2002, p. 1808), and early independent efforts 


skepticism from the stat (Se 


Failed to reproduce his results, including one in 
2002 by his former colleagues at Oak Ridge 
National Laboratory in Tennessee 

Last year, an article in Nature stoked the 
controversy when it reported that several of 
Taleyarkhan’s colleagues at Purdue in West 
Lafayette, Indiana, where be moved full-time 
in 2004, had complained that he obstructed 
their work and tried to stop them from pub- 
lishing results that contradicted his own, 
Other researchers continued to challenge 
Taleyarkhan on scientific grounds. Last year, 


sonochemist Kenneth Suslick 
of the University of Illinois, Urbana: 
Champaign 


even raised the is: 


possible scientific fraud in an e-mail to a 
Purdue research official. 

Purdue appointed a committee to review 
the matter, although just 


what alleg: 


a. In 
June, the university reported that it hi 
completed san initial inquiry, and it launched 


second one. Now 


Tsoukalas says, neither he ne 


knows was ever interviewed by 


at the Univer 
who headed 
Projects Age 
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y of Califo 


niversity offic 


sof the findings, the 


man, a physicist 
nia, Los AL 
Advanced Re 
Tort 


Taleyarkhan’s work, say that they too were 
never contacted by the panel and are frus 
trated by its secrecy 

Efforts to understand just what is 2 
inside Taleyarkhan’s tabletop fusion devices 
remain eq} 


ly controversial. Last spring, 
Taleyarkhan invited two separate teams to use 
his experimental setup at Purdue to see 
whether they could spot the telltale signs of 


ultrasound to collapse bubbles in an organic 
solvent and force deuterium atomsin the bubs 
bles to fuse, liberating either tritium and a pro 
ton or helium-3 and an extr 
of energy, In May 
LeTou 


neutron, plus lots 
Ted Forringer, a physicist at 
eau! University in Longview, Texas 

experiment with two undergraduate 


students using two different types of neutron 
detectors, be 
nificantly higher levels of neutrons than did 


p of which he says recorded si 


controls. In June, William Bugg, « physicist 
emeritus at the University of Tennessee 
Knoxville, also ran the experiment and says he 


Neither ofthese experiments has been pub 
lished in full, however. Stanley Milora, a physi 
cist at Ok Ridge, says that ina write-up of the 
Forringer experiment that he’ seen, electronic 


neutron courmers called scintillation detectors 


‘only collected data for 60 seconds, In addition. 
wo longer data collection, Milora says he'd like 
sce evidence of where any proposed neu 
ns are coming from, If deuterium ator 


fusing in the collapsing bubbles, neutrons 


should hit the detectors justa few nanoseconds 


afler the bubbles collapse and give off bur 


light. But Milora says there was no effor 


Putterman, Suslick, and their colleagues 
did attempt to register such correlations, 
sing Taleyarkhan’s own engineering dia 
rams to construct their sonofusion app 


Ina paper they published last week in 


Physical Review Letters, the researchers 


background and saw no correlations between 
light flashes and neutrons, 

The bottom line, Milora says, is that most 
people won't believe bubble fusion is real until 
the work is verified outside Taleyarkhan’s lab, 
hink 


illy independent reproduction of 
these results would turn lot of peop around” 
he says. Until that happens, the chief form of 
energy produced by bubble fusion is likely to 


beheated arguments. ROBERT SERVICE 
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DATA SHARING 


New Swiss Influenza Database to 
Test Promises of Access 


‘The world will soon know whether dozens 
of scientists and health experts meant busi- 
ness when they pledged to share erucial data 
‘on bird flu 6 months ago, Behind the scenes, 
aa small group of experts has arranged for a 
brand-new influenza database, housed at the 
Swiss Institute of Bioinformatics (SIB) in 
Geneva, that plans to open the first week of 
March to turn their promise into reality. 

Ifall goes according to plan, researchers 
and HSNI-affected countries will use the 
database to reveal information about the 
virus to the world immediately, with the 
assurance that nobody ca iF data to 
produce papers, drugs, of vaccines wil 
their permission, 

About 15 flu labs currently share key 
genetic data about HSNI 
protected compartment at the Influenza 
Sequence Database (ISD) at Los Ata 
National Laboratory in New Mexico. That 
under the auspices of the World Health 
Onganization (WHO), came under fire last 
year from researchers, led by lalian yeteri- 
inary virologist Haria Capua, who believes that 
everyone—not just a select group—should 
\evess. Their criticism sparked the ere- 
ation ofthe Global Initiative on Sharing Avian 
Influenza Data (GISAID), announced ina let 
ter in Nature in August 2006 that was signed 
by more than 70 experts, The pi 
headed by media consultant Peter Bogner, 
until then unknown in the influenza world 
(Science, 25 August 2006, p. 1026). 

A small group including Bogner. 
Capua, and Naney Cox, head of the 
influenza division at the U.S. Centers for 
Disease Control and Prevention in Atlanta, 
Georgia, has now hammered out details of 
the plan, They reviewed final arran 
ments at a meeting in Munich last week. 
Anyone can get access to the new data- 
base, provided they register, log in, and 

an agreement limiting their use of 
the data, Bogner says. Those who provide 
data have 6 months to take care of patents 
and scientific publications: after that, the 
information will be entered into three 
lange public da 

Bogner declined to provide details of the 
user agreement, which will be made public 
shortly. But these rules—and whether they 
followed—will be crucial to GISAID's suc- 
38, Says Albert Osterhaus of Erasmus Uni- 
versity Medical Center in Rotterdam, the 


password- 


Netherlands, As a signatory to the Nature 
letter, Osterhaus says he’s “committed in 
Principle” to depositing information in the 
database, “but I want to see the exact terms 
first.” WHO has not been involved in the plan 
bbut welcomes it, says David Heymann, head 
ofthe agency's flu efforts. 

SIB Director Amos Bairoch says that 
when GISAID’s database kicks off, it 
will be filled with decades’ worth of 
influenza data from humans, birds, and 


Sharing. Peter Bogner 
hhas financed GISAID's 
efforts hime 


other species. Bairoch believes Switzer- 
land's famed neutrality will help win over 
countries reluctant to contribute to a 
ULS.-sponsored database 

ISD head Catherine Macken says 
researchers may prefer GISAID because it’. 
free of charge—but she's okay with that 
The bad press ISD has received because of 
the HSN1 compartment has been “a night- 
mare.” she says. “If someone else wants it 
they're wele “A sense of civic duty 
ed Bogner to bankroll the entire operat 
so far with his own money. But corpors 
backers, which he declined to name, are 
interested in helping out, he says. 


The issue of influenza sharing made 


fresh headlines last week when Indonesia 
nounced it would no longer share viral 
samples of HSNI with WHO without a 
so-called Material Transfer Agreement that 
limits commercial use ofthe virus. But even 
if Indonesia no longer shares viruses. 
Bogner says he has guarantees that it 


will keep sharing its HSN1 sequence data 
with GISAID. 


MARTIN ENSERINK, 


FAIR Deal for India 


Three accords have opened a new era in scien 
tific collaboration between Europe and India, 
bolstered last week ata meeting in New Delhi 
between Indias science minister and his 
counterparts from the European Union (EU). 

The first such gathering outside Europe, 
the parley featured India committing toa 
$250 million contribution fr the $1.5 billion 
Facility for Antiproton and ton Research (FAIR) 
atthe G51 heavy-ion research lab in Darmstadt, 
Germany. Indian scientists wil collaborate on 
the project, which once completed in 2014 
wil produce beams for research into nuclear 
physics, plasmas, and nuclear astrophysics 
“it's ood to have india on board,” says John 
Wood, head ofthe U.K.'s Central Laboratory 
of the Research Cound. 

Inadition, India and the .. will each 
contribute $7.5 million annually to joint 
esearch fund for projects in health, climate, 
and energy. Indian scientists wil also be able 
to compete for grants under the E.'s 7-ye 
$75 billion Seventh Framework Programme, 
which began earlier this year. “India will be 


the most important and first partner inthe 
Seventh Framework Programme,” said 
Annette Schavan, Germany's minister for edu 


cation and research, who led the €.U, delega: 
tion. Indian science minister Kapil Sibal called 
the agreement “historic, 


-PALLAVA BAGLA 


Korea Targets Lab Mischief 
SEOUL—The South Korean government last 
week set new penalties for scientific miscon 
duct and mandated a new system for invest 
gating alleged misconduct in state funded 
Science. Drafted in response tothe Woo Suk 
Hwang cloning scandal, the rules require 
government labs, universities, and research 
centers that receive state funds to tighten 
oversight to thwart scientific misconduct, 
including plagiarism, data tampering, and 
timidation of whistleblowers. The guidelines, 
which contain new wording on training, call on 
institutions to form investigative committees 
comprised of atleast five persons including 
‘experts and outsiders to probe allegations 
Under the guidetines, penalties for mis 
conduct include the government ending state 
run projects and barring institutions from 
receiving state funding for up to 3 years 
Anil Lee, a ministry official, said thatthe gov 
ernment hopes that setting up this system wil 
force scientists to take more responsibility 
their research 


=D. YVETTE WOHN 
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DIAGNOSTICS 


Amid Debate, Gene-Based Cancer Test Approved 


In the chaotic and rapidly expanding field of 
“personalized medicine,” dozens of comps 
nies aim to ereate tests tha 
‘es and anticipate the 
‘course it will take. The predictions, which 
ne expression patterns, can 
have a momentous effect, for example 
prompting doctors and patients to eschew 
chemotherapy when a test suggests that a 
breast can low risk of recurring 
But as these largely unregulated tests 
move into clinical use, researchers 
are asking some fundamental 
que: Are they based on 
sound science? And can physi- 
cians really interpret the results? 
Last week, the U.S, Food and 
Drug Administration (FDA) 
stepped full force into this 


adisease’s 
biochemical tea le 


often rely on 


irhas 


debate, issuing its first-ever 
approval of a multigene prognos- 
tic test and 2 days later holding & 


contentious meeting to discuss 


more st 
area, Called MammaPrint, the 
test approved by FDA was 
developed by Amsterdam-based 
Agendia and aims to predict 


ngent oversight of this 


3 breast cancer’s risk of recur 
renee, MammaPrint is currently 
available in Europe, South 
America, and elsewhere; A 


dia says it has performed more 
than S000 tests so far 

In the United States and 
Europe 
‘MammaPrint and another breast cancer prog- 
nosticator called Oneotype DX are not gener- 
ally approved the way drugs and devices are. 
Instead, in the US, they're considered labora- 
tory tests and are allowed on the market 
with little scrutiny of their science when 


diagnostics such as 


performed under the auspices of a single 
lab. Agendia sought FDA approval of 
MammaPrint in part on the agency's n 
‘and in part to reassure physicians that the test 
is sound, says the company’s co-founder and 
chief scientific officer, René Bernards. Based 
largely on results from 302 European breast 
cancer patients, FDA expressed confidence 
in MammaPrint’s quality 

But now FDA wants to extend its over- 


sight to many more gene-based tests. In 
September, the agency released a draft doc- 
sting that many prognostic 
tests should be regulated as medical 
devices, which would vastly ex} 


16 FEBRUARY 2007 VOL315 SCIENCE 


agency’s oversight of them. This policy 
would cover many candidate tests, includ- 
possibly. a method for identifying the 


primary source of metastatic cancer and a 
blood test to determine whether a trans- 
planted heart is being rejected. “We had 
concerns” about this class of products, said 
Steven Gutman, FDA’s director of the 
Office of In Vitro Diagnostic Device Evalu- 
yn and Safety, at last week's meeting in 
jthersburg. Mary 


ind, Accuracy is one 


Low-risk 


High-risk 


Next generation. Cancers have ong been evaluated by direct observation left col 
tum; a new test uses gene expression to judge the risk of recurrence (ight column). 


concern, he says, as is a “lack of trans- 
parency” about how the tests are performed, 
FDA is accepting comments until 5 March, 

At FDA's meeting, many companies and, 
some patient advocacy groups argued 
against FDA’s proposed policy. They sug- 
gested that requesting more extensive clini~ 
cal trials would impos: ial burden 
that diagnostics outfits can'tafford and pos- 
sibly add a decade's delay. “We can’t wait 
that long,” says Charles Perou, 
at the University of North Carolina, Chapel 
Hill, who is tryi 
ncer prognostic test but did not 


ticist 


the breast cancer tests that are far- 
g. MammaPrint and Oncotype DX. 
have settled on a middle ground: The compa- 
nies are marketing their tests w» doctors on the 
basis of retrospective studies of stored tissue 
while long-term clinic 


tials of breast cancer 


patients run simultaneously. MammaPrint 


with breast cancer that hasn't spread (typically 
‘one of the groups that may avoid ehemother- 
apy) into “low-risk” or “high-risk” categories. 
Oneotype DX relies on a 21-gene analysis to 
help inform clinicians whether patients with 
localized. estrogen-receptorpositive cancer 
are at risk of relapse. And although CEO 
Randy Scott of Genomic Health, the Redwood 
City, California, company that makes 
Oncotype DX, believes tat these 
tests should be developed as “you 
would develop a drug.” he does not 
think they should be regulated as 
such, “We're not injecting any- 
thing into the body,” he says. 

Bat some physicians see sig- 
nificant risks. “IFT withhold life 
saving therapy from a patient 
because of a bad test, that’s every 
bit as bad as if T gave her a bad 
drug.” says D: 
br 
the University of Michigan, 
Ann Arbor, who helps run an 
Oncotype DX tral 

Physicians such as Hayes, 
meanwhil eto puzzle 
‘over what some prognostic tests, 
are really telling them, In cancer 

‘it may be that at $ years, one 
p has a 20% r 
asa 78 


piel Hayes, a 


st cancer specialist at 


elapse 
rate, but what's going to happen 
at 10 years? Are we measuring 
the chance of metastases, or the rate?” asks 
Larry Norton, deputy physician-in-chief for 
breast cancer programs at Memorial Sloan- 
Kettering Cancer Center in New York City 
He also notes that many of the genes used 
by these tests are linked to tumor growth, 
despite emerging data the 
as those that affect inf 
also be critical 
Another concern, says Hayes, 


other genes, such 
mmation, could 


5 that 


because many studies were designed to 
answer a simple question—did the patient 
live or die?—some of the data could be 
misleading. A participant whose tumor 
responds unusually well to chemotherapy, 
for example, may be misclassified as one 


with a positive prognosis from the outset, In 
such a case, says Hayes, a test result could 
lead to “withholding the very agent that 
made their prognosis good.” 

“JENNIFER COUZIN 
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FAITH AND SCIENCE 


In Europe's Mailbag: A Glossy 
Attack on Evolution 


PARIS—It’s the most gorgeous- 
looking attack on evolution seen 
in a long time: That's the cons 
sus among European scientists 
who in recent weeks have received 
unsolicited free copies ofthe Ailas 
of Creation. The 768-page, lav= 
ishly produced tome was written 
by Harun Yahya, a Turkish author 
who denounces Darwinism as the 
source of many evils, includin 
9/11, Its publisher has sent hun 
dreds ifnot thousands of copies of 
the book to researchers in at 


st 
four countries in Western Europe 

A source of amusement to 
some, the book has troubled and 
‘outraged others: 
a French translation landed in t 


‘especially in France, where 
mailboxes 


of hundreds of high school directors and 
librarians. “This isa nasty attack on our edu 
cation system,” says evolutionary biologist 
Armand dle Riglés of the College de France, 
\who worries thatthe book might touch off 
battle over the teaching of evolution in 
Europe. French Education Minister Gilles de 
Robien swiflly warned schools to keep the 
book out of pupils’ hands, 

Harun Yahya is the pen name of Adnan 
‘Oktar. the head ofthe Foundation for Scientific 
Research (BAV) in Ankara, which has pro- 
moted Islamic creationism since 19 
(Science, 18 May 2001, p. 1286). Yahya is 
credited with hundreds of books; he is “more 
like a brand name” for a group of writers he 
leads, says Taner Edis, Turkish-born physicist 
at Truman State University in Kirksville, 
Missouri, who has studied Islamic creationism, 

Yahya accepts thatthe work is billions of 
years old but rejects the concept of evolution- 
‘ry change, More than 500 pages in the Alas 
‘of Creation (the first in a series of sew 
umes) are filled with pictures of fossils, 


vol- 


accompanied by modern-day organisms that 
look strikingly similar—proof, Yahy. 
that evolution theory is false. It's an “absurdly 
ridiculous” logic, says Gendien de Jon, 
Of five biologists at Utrecht University in the 
Netherlands who received a copy 

Within Turkey, BAV has been 
cessful” in promoting creationism, says biolo- 
azist Aykut Kence of the Middle East Technical 
University in Ankara. One recent survey found 


‘Mass mailing. Schools in France have received a slick volume 
that purports to disprove evolution science 


that more than 50% of biology teachers in sec- 
education “are not sureabout the valid- 
yy of evolution,” says Kence. Yahya’s books 
have also been translated into Arabic, Untu, 
and other sof the Islamic world 
How BAV can afford mass distribution of 
books, as well asaplethora of DVDsand Web 
sites in several languages, is unclear, Rumors 
abound—for instance, about S: 
USS. backers—but Turkish 
‘out the facts very difficult, Edis says. In an 
pokes- 


onda 


id response to questions, a 
person for Yahya declined to 
He added that France “can gather up and burn 
all the books, just like in the days of the 
Nazis, .. yet the collapse of Darwinism can- 
not be prevented by prohibitions and bans.” 

French scientists say they need t0 operate 
carefully so as not to infla ns with 
France's sizable Muslim minority. But 
response is needed, says de Ricqlés, ifonly to 
arm teachers with counteranguments. Kence 
says he and others have tried to promote 
lution, but he sayshe never engages in direct, 
debates with creationists, because that would 
enhance their credibility 

Meanwhile, some readers were trying to 
find new uses for Yahya’s book last we; 
Ecologist Michael Hassell of Impen 
lege London says he’s using the 5- 
‘opus as a lamp stand. His colle: 
Knight, another recipient, says he donated 
his copy to his ecology group—"I hope 


dress Finances. 


tens 


they found it was biodegradable and recy- 
lable,” 


he says, 


“MARTIN ENSERINK 


$25 Million Prize for 
Greenhouse Whizzes 


‘Mega-entrepreneur and adventurer Richard 
Branson is offering what he calls “the largest 
ever science and technology prize” to entice 
evelopment of a solution to global warming, 
Modeled after the $10 million Ansari X Prize 
that led to the development of a reusable 
crewed rocket in 2004, the $25 million Virg 
Earth Challenge will be awarded to whoever 
«can develop a commercially viable technology 
Capable of removing atleast a billion tons of 
carbon dioxide, a major greenhouse gas, (rom 
the air every year. Current air-capture tech 
niques cost three to four times more than the 
et will bear. “I think t's great,” says 
physicist Martin Hotfert of New York Univer 
sity, who nonetheless warned that it’s going to 
bbe a tougher nut to crack than building a bet 
ter spaceship. Current technology to grab 
CO,, he notes, i “very energy-intensive,” 
RICHARD A. KERR 


Greening the Forest 


The Smithsonian Topical Research institute 
(TRI in Panama has received an $8 milion 

grant from the London-based banking giant 
HSBC to expan its century-tong studies f rain 
forests to better understand the effects of cli 
mate change, Working with Harvard University, 
STRI's Center for Tropical Forest Science wil 
conduct an annual census across a network of 
20 study plots in 15 countries, as wel as study 
the carbon cycle in these tropical forests. Th 

sift is STRIs biggest ever private donation and 
letsit tackle “important scientific questions that 
single-site [studies] can’t address," says center 
rector Stuart Davies. ~ELIZABETH PENNISI 


A Bounty ona Killer 

Five nations and the Bill and Melinda Gates 
Foundation ae dangling a $1.5 billion carot 
in hopes that the pharmaceutical industry wil 
produce a vaccine for the developing world 
against Streptococcus pneumoniae, which 
causes pneumonia and meningitis, Last week 
the consortium pledged to purchase future 
vaccines at a guaranteed price once the prod 
uct proven safe and effective. Pneumo 
occa infections kill as many as 1.6 million 
people annually, most of them children. "Now 
companies know that if they have te technol: 
ogy and they build a plant, they can sell the 
vaccine,” says Robert Black ofthe Johns 
Hopkins Bloomberg School of Public Health in 
Baltimore, Maryland. Black sys the arrange: 
ment can also be a tool against other diseases 
plaguing poor nations. MARTIN ENSERINK 
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U.S. NANOTECHNOLOGY 


Health and Safety Research Slated for Sizable Gains 


Heeding calls for increased basic research 
on the health and environmental implica- 
tions of nanotechnology, the Bush Adminis- 
tration has proposed a $3-million~ 
network of academic centers to pursue the 
topic and disseminate the findings. But 
that network, part of President 
W. Bush's 2008 budget request ser 
week to Congress, doesn’t address what 
many consider a bigger problem for the 
field: the lack of research tied more tightly 
to the development of new US, regulations, 

In 2006, the federal government funded 


last 


$38 million in research on nanotechnolo, 
environmental health and safety. Th 
likely to grow to $46 million this year (Cor 
ress was expected to take final action on 
the federal budget this week), and the pre: 
dent's budget would boost it to $59 million, 
At the cornerstone of this new push is 
network of centers, funded by the National 
Science Foundation and modeled after 
existing NSF networks, 

Vicki Colvin, a chemist at Rice Univer- 
sity in Houston, Texas, who directs Rice's 


U.S. ACADEMIA, 


Center for Biological and Environmental 
Nanotechnology. says that she believes 
spending more money on basic research and 
a network of centers is the right way to go. 
t's great news,” Colvin says, She notes that 
smains in its early develop- 
met 380 products contai 
mnomaterials that are alrea 
At this stage, she says, it’s important to lear 
more about how nanomaterials interact with 
biological systems. 

The NSF network proposes to do just that, 
she says, by investigating how the structure of 
awide array of different nanomaterialsaffects 
their environmental by Forming a 
network that permits everyone to exchange 
supplies and methodology will really fast- 
forward this field by a couple of years.” she says. 


But not everyone 


‘estment the gover 
‘ment could be making to understand the envi- 
health and safety aspects of 
products. Nanotechnology “has stopped 
being a pure science project,” says David 
Rejeski, who directs the Project on Emenging 


Radcliffe Historian Named Harvard President 


Harvard University’s seareh for a new pres 
ident to succeed the controversial Lawrence 
s 
ment ofa R 
rian. Drew Faust, 59, will become the first 
\wonan to lead the oldest and wealthiest uni- 
versity in the United States. She emer 
the top candidate in the yearlong search 
after Thomas Cech, biochemist and presi- 
dent of Howard Hughes Medical Institute, 
withdrew his name from consideration 
lier this month. 

After her selection wa 
11 February. Faust spoke out strongly in favor 
ofa new initiative to increase intendisciplinary 
\work in Harvard's extensive science program 
(Science, 26 January, p. 449) and added that 
she wants to break down the barriers between 
the sciences and the humanities. She takes 
‘over | July from interim president Derek Bok. 

Some search commitice members wanted 
4 physical or biological scientist for the post, 
but friends and colleagues of Faust insist she 
has a good track record in supporting research 
in her current job as dean of the Radcliffe 
Institute for Advanced Study. a school within 


announced on 


She's theone: 
Drew Faust 
Harvard's now 
Preside 


Harvard. “She is not a scientist, but 1 am cer- 


sity’s expansion of 

Barbara Grosz, a computer scientist and 

Radeliffe science dean who has worked 

closely with Faust. 

‘Right from the start. I had many people 
*You should give up on hay 


Nanotechnologies at the Woodrow Wilson 
International Center for Scholars in Washing: 
ton, D.C.“Nanotechnology is being commer- 
ialized at a very fast pace right now. You've 
{got to position the science ahead of that.” 
Rejeski argues that U.S, regulatory ag 
cies, such as the Environmental Protection, 
Agency (EPA) and the National Institute for 
Occupational Safety and Health, are str 
sling to keep up with the questions being 
raised about how best to reg 
products entering the market, And although 
EPA would receive $9.6 million in 2008, up 
from $3.7 million in 2006, Rejeski angues that 
considerably more is needed, 
both Republican and 
Democratic leaders of the House Science 
‘Committee called for expanding the research, 
needed for rey sencies to ensure the 
safety of Is in the environment, 
And supporters have reason to believe legisla 
tors will heed that ple 
USS. National Nanotechnology Initiative 
began in 2001, Congress has topped the 
president’, ROBERT F SERVICE 


ulate nanotech 


aquest. 


cence at Radelif 
appearing in the most recent issue of the 
Radeliffe Quarterly. “It was clearto me from 
the outset that science needed to be an 
important commitment for the new insti 
it also runs in the family: Her husband, 
's Rosenberg, is a historian of medi- 
‘cine and science at Harvard. 

Female faculty members at Harvard said 
they were delighted with the appointment of 
‘Summers, whose controver- 


* Faust says in an article 


mments about women’s ability to suc 
coed in the sciences contributed to his resigna 
tion last February. “This isan inspired choice,” 
ssiys Evelyn Hammond, senior vice provost for 
faculty development and diversity and a histo- 
rian of science, who has known Faust for 
ordinary leadership qual- 
ities and enormous integrity” 

Ina press conferenc 
Faust praised Summers, an economist and 


years."“She has ext 
after she was named, 


former treasury secretary in the Clinton 
Administration, for his analytical skills. But 
then she added, “I think women have the apti- 
tude to do anything, and that includes being 
president of Harvard.” “ANDREW LAWLER 
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U.S, RESEARCH FUNDING 


Balancing act. 


Science Adviser Says That Pruning 
Is the Key to a Healthy Budget 


The US. science community needs to figure 
‘out how to live within its means, says Jobn 
Marburger, science adviser to President 
George W. Bush. In particular, he believes 
biomedical scientists need to curb their 
appetite for federal funding and space scien 
{ists must learn to turn off a mission before 
build 


Speakit 


and launching 
ast week 


Se 


about the 


president's 2008 budget request to Con 
Administr 


tion’s plans to give a sizable boost to a few 


gress, Marburger defended the 


agencies while starving most of the rest of 
9 Febru 
ary, p. 750), He says that “no president has 


the science establishment (Science 
been a stronger supporter of science and 


technology as a way to benefit society.” and 
he rejects complaints from science lobby 
that the budget request threatens the health 
of the U.S. scientific enterprise 

T think the overall federal scientific 


enterprise ts well-funded.” Marburger 


“But there’s been a ramp-up of expensive 
programs in some areas, while important 
programs in other areas are underfunded 


He notes that the American Competitiveness 


Initiative, first proposed last year, atterapts to 
correct that imbalance in the physical sci 
ences by boosti sof the National 
Science Foundation (NSF), the Departmen 
of Energy’ (DOE'S) Office of Science, and 
the core labs at the National Institute of St 
dards and Technology. And he says tha 


he bude. 


by setting priorities and sticking to them, 


Marbut 
week before the House € 
y. kicking off the year 
J although the Deme 


¢ was scheduled to testify thi 


ence and Technolo 


long budget cycle. Ai 


cratic Congress will sure! 


dent’s request for science and every other 
sector of federal spending. M: ers 
comments, edited for space, shed light on 


the nature of the government's $55 billion 
‘commitment to basic and applied research, 


“JEFFREY MERVIS 


On the National Institutes of Health 
(NIH) budget: 

1 
don'thavea quick answer 
the federal 


ink they have a structural problem, and 1 


There is n0 Way 


pe doubling of the 
003). It's 


demands created by 
NIH budge 
what | 


‘market, with booms and busts that are beyond 
the ability 

Atthe same time, NIH funding 
out of step with fundin, 


the government to control 


for the physical sci 
ences. Biomedical research is funded much 


Fits 


physical sciences. And there are imbalances 


which i 


not clear that the pattern of expen- 


ditures matches the importance 


research. A lot of its $28 billion budget is, 
iments and therapies for spe 


rather th 


cific dise basic cell biology 


and molecular biology. which raises the 


whether we're spending 


question o 


rg SCIENCE 
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n basic research. The leadership under 
stands these i and the director's 


Roadmap addresses these challenge 


On NASA’s budget crunch: 

Large space science programs face two 
fundamental problems, The first is the 
inability to make accurate cost estimates 
early in the life of the program, Once the 


price starts to go up, the agency has to either 


cancel the program or come up with more 
money. And the money is very hand to find; 
most of the time, you can't do it without dig- 


into other programs. 


Second, the pr are sustained for 
mnger than expected. So if you meet your 


year, and those missions are sustained for a 


longer period of time, eventually som 


has to give, E 


you know how many space 
wience platforms are active right now? You 
might guess one or two dozen, The actual 
‘number is $5, which isa lot, Weare spending 
far ah 


of everybody else in the world, But there 


for strategic management of those assets, 


On better project management: 
We need new financial models for 
he transition from ec 

yn of a maj 

ind for deliberately phasing 


uldressin; 


‘ruction 


put programs 
that are expensive once they have accom 
plished their mission, We can't expect them 
to last forever, because we can't afford 
hem. We need to continually renew our 
infrastructure to keep up with what's hap. 
pening in the rest of the world. 

Industry faces a similar challenge, I's a 
hard decision to shut down an operation that 
is profitable and productive and invest in 
new facilities that will be more productive 
But it has to be done, ... Look at the Hubble 
‘Space Telescope}. We probably made the 
wrong decision, decades ago, to have it 
maintained by the space shuttle, because it 


ied out to be much more expensive than 
anybody realized, We could have launched 
many other science platforms for the price 
ning one Hubble 


of mainta 
And 1 
anning estimates are not unique to 


e problems associated with life- 
eyele p 
NASA. NSF has experience with this, 100, 


but as its projects become larger and more 


complicated, the management problems 
become harder. DOE may do the best job. It 
has phased out aging facilities before it 
builds new ones, 

We are America. We should be able to 
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Cases of : 
Mistaken Identity, 


For decades, biologists working with contaminated or misidentified cell Reynolds of ie Uni ‘ ity Hy Sou My ra 
lines have wasted time and money and produced spurious results; vititute for Pediatrie Clinical 
journals and funding agencies say its not their job to solve this problem 


sting ling 
iced, many studies have shown that a 
ingly large number of cell lines 
me contaminated, often by 


IN THE 1980S, WHEN HE WAS A Buchring of the University of 


Research 


Kofler received what was suppose 
human cancer cell line from a coll 
‘We cultured it, we ¢ 

recalls, then "fwe] ger 


leaguesat the German Cell Bank (DSMZ) in 
Braunschweig, 18% of 
the bank were misidentified or contami: 
of the problem “always: 


was 100% mouse 

Afier scores of simiar experience ines donated te 
misidentified cells, Kofler and his 
leagues at the Tyrolean Cancer R 
Institute in Innsbruck, 
ticate every line a 


tne; At period 


surprise for people 
University College J 


deat of the European Tissue 


with cell line © 
this 
wouldn't 

Not every bi 


survey of nearly 500 biologis 
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generate a large amount of artifacts in the 
scientific literature. 

Troubled by this ongoing problem, 
Roland Nardone, a cell biologist and pro 
fessor emeritus at the Catholic University 
‘of America in Washington, D.C., has taken 
it upon himself to become the Paul Revere 
contamination, In a re 
paper chastising the scientific community. 
Nardone calls for stricter policing of cell 
identities. He argues that journals and 
funding agencies such as the US. National 
Institutes of Health (NIH) should mandate 
authentication of cell lines. 
eral professional groups—including 
the Society for In Vitro Biology, the Euro 
pean Tissue Culture Society, and the Ame 
ican Society for Cell Biology—have 
endorsed the white paper, as have several 
cell repositories, But journals and NIH are 
wary of taking on the role of cell cop, and 
Reynolds is skeptical that Nardone will su 
ccced where he and others have failed. “No 
amount of passioned discussion by myself 
‘or Dr, Nardone will fix what has been and 
continues to be a widespread problem,” he 
says, Merely suggesting what needs to be 
done, Reynolds adds, “is a tong way from 
peopl y doing it.” Kofler cites his 
ownn ‘cautionary tale: “We have 
started doing this [regularly fingerprinting 
lines] only 5, 6, 0r7 years ago. Before that, 
‘even we were hazy.” 


‘Murphy's law 
How do cell lines assume seeret identi 
and why does it happen so often? “I's like 
Murphy's law” says Kofler, “Everything 
that can go wrong will go wrong. 1% 
mater of time." Although most res 
are aware of the possibility of contamina- 
tion and cautious when handling cells, acci- 
dents happen, Cell lines get mislabeled or 
contaminated with fast-growing cells that 
‘ean in no time take over the original lin 
The only way to prevent cross contami- 
nation is to spot it before it spreads. In 
2001, Masters, who has bee 
for increased awareness of the problem for 
decades, published a description of a DNA 
fingerprinting technique that has become 
the standard tool for authenticating cell 
lines, When a line is established, itis eru- 
cial to record the donor's genetic profile 
and then do the same for the new line, says 
Masters, Ifthisis done and the fingerprints, 
made available publicly, it would provide 
§ other scientists with an authentic signature 
8 to verify the identity ofthe lines, Reynolds 
§ and his colleagues recently estimated the 
8 cost fora single DNA fingerprinting 
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experiment to be $30, “I's so cheap, so 
obvious, so trivial, and yet it’s not being 
done” says Masters. 


Ignoring history 

The roots of the contamination problem zo 
back to the beginning of studies with cell 
lines. Between the mid-1960s and the early 
1980s, Walter Nelson-Rees of the Cell 
Culture Laboratory of the University of 
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California, Berkeley, at Oakland found 
more than 40 di 1 lines—both 
human and animal—cross-contaminated by 
the HeLa line, the first hurman cell line to be 
grown successfully in a laboratory. By the 
time he published his findings, the 
already hundreds of papers describing 
ch using the contaminated lines. 
Nelson-Rees made it his personal mis- 
sion to warn others about the dangers of 


Even the bedrock of present-day cancer research, the NCI-60 panel—a group of 60 cancer cell, 


lines maintained by the U.S. National Cancer Institute (NCI) and used widely for both basic 
research and drug discovery—has not escaped the scourge of crass contamination. In the late 
1990s, Mordechai Liscovitch ofthe Weizmann Institute of Science in Rehovot, Israel, had obtained 
from the institute the breast cancer line MCF-7 and its drug-resistant daughter line, once known, 
as MCF-T/AdrR (lor Adriamycin resistance)—both part of the NCI-60 panel. A few years ago, a 
‘comparison of the lines in his lab revealed certain biochemical differences that illustrated How 
‘cancer cells become resistant to drugs. Three years of work with these lines had unfolded “a nice 
story,” says Liscovitch. 

Early in 2001, he submitted a manuscript on the work to Oncogene and was awaiting its publi- 
‘ation, Then, one of his students stumbled upon a 2000 letter in the Journal ofthe National Cancer 
‘Institute, saying that DNA fingerprinting had revealed that MCF-7 and MICF-7/AdrR were in fact une 
lated; Liscovitch and his team immediately realized that their interpretations in the upcoming paper 
‘were no longer valid. Disappointed atthe years of wasted time and effort, they withdrew the paper 
before it went to print, “it was a big blow for us,” Liscovitch says. 

Not only was MCF-7/AdrR unrelated to MCF-7, but it also turned out to be identical to an ovar- 
jan cancer celine aso in the NCI-60 panel. That's not the only case of mistaken identity within the 
NNCI-60 panel. The SNB19 and U2S1 lines, once thought to be distinct central nervous system tines, 
are identical to each other and came from the same individual. And MDA-MB-435, a prevalent 
model for metastatic breast cance, is identical to the panel's melanoma line, M14. NCI has tried 
to trace the history of MDA'MB-435, which was originally established in 1976 at M, D. Anderson. 
‘Cancer Center in Houston, Texas. NCI found that the NCI-60 panel's version isthe same as a 
‘sample ofthe lie originally deposited at a cell bank by M. D. Anderson and as a sample given to 
‘an NCI researcher by the cancer center. “The mix-up with melanoma cell ine M4 likely happened 
early in the history ofthe cel tine,” NCI says on ts Web site. 

‘Although the NCI-60 panet’s Web site now details the history behind its “mischaracterized” cell 
lines—Daniel Zaharevitz, chief of the information technology branch at NCI's Developmental Ther- 
_apeutics Program, considers that description more accurate than contaminated or misidentified — 
the institute hasn't gone out ofits way to inform researchers who obtained these Lines in the past that 
the lines are now suspect. Zaharevitz sys the agency is wary of creating undue concern, because 
much ofthe work with such fines, such as drug testing, is unlikely to have been compromised. 

Liscoviteh feels that greater exposure of the problem is needed. He publicized the story of 
[MCF-7/AdHR, now known a5 NCI-ADRIRES, in the 8 January Cancer Letters. There may be more such 
stories in the future. There is some evidence thatthe NCI-60 panel's version ofthe clon cancer cell 
line HCT-2S is not the same asthe orginal tine, RC 
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HeLa contamination, But the scientific 
community mostly reacted with hostility 


and Nelson-Rees eventually gave up (see 


sidebar, below), No one was willing to with- 
draw their papers or lose their credibility 


es, Nardone, Reynolds, 
Kofler, and other researchers are worried 
that history is being repeated, especially 
because the number of new cell lines has 
proliferated dramatically. 

In 2003, MacLeod and Hans Dresler of 


0 lymphoma-leukemia lines collected 
from researchers around the world and 
found 15% of them to be contaminated, 
mostly with faster-growing, well-established 
cell lines. In a letterin the 23 February 2006 
issue of Nature, they estimated that 29% of 
all human-tumor cell line submissions to 
the DSMZ include crass contaminations. 
Because of the small sample sizes, these 
figures are, at best, “a significant under- 
nate,” says MacLeod. 

Estimating the real extent of the prob- 


filed, Repositories such as the German Cell 
Bank and the American Type Culture Col- 
jon (ATCC) profile every line in their 
labs. But most new lines are established in 
individual labs and from thereon are freely 
ed between labs, rarely having 
their identities checked, “These cell lines 
never pass through our doors, so they are 
never subject to accurate authentication, 
says MacLeod, He and his colleagues have 
found that about 90% of sciemtists ignore oF 
refuse a cell bank's request to send in new 


DSMZ and their colleague, Yoshinobu 
Matsuo, then at Fujisaki Cell Center in 
Okayama, Japan, checked the identity of 


lem is difficult; ther 


alte: Nelson 
ew hestiity 
fenposing celine 
ination, but 
Ding taken 


In 1951, a 31-year-old African-American woman was admitted to Johns 
Hopkins Hospital in Baltimore, Maryland, for treatment for cervical cancer. 
The hospital senta sample of her cancerous tissue to Hopkins tissue culture 
expert George Gey, who succesfully cultured itn his lab. Henrietta Lacks's 
ferocious cancer cells spread throughout her body and eventually killed 
her. And her immortalized cells, named HeLa cells after her, quickly spread 
through labs actoss the world—and not always because 
researchers had requested a sample for study. 

In 1966, Stanley Gartle of the American Type Cul- 
ture Collection found that 18 of the frst 20 human celt 
lines established were chromosomally and biochemically 
identical to HeLa cells. All 1 lines were known to have 
ome from Caucasian individuals. Yet Gartle found that 
each had a genetic variant of an enzyme found only in 
the small percentage of African-American population 
that Lacks had belonged to, Gartler published his find- 
ings in Nature in 1968, macking the first reported case 
of HeLa contamination. twas only the beginning. 

‘A few years later, Walter Nelson-Rees began dis- 
‘covering contaminations in lines from laboratories 
across the world. Atthe time, hewasat the Cell Culture 
Laboratory of the University of California, Berkeley, at 
Oakland, characterizing, storing, and distributing cell 
lines for the U.S. National Cancer Institute (NCI. Over 
more than 10 years, he counted 279 contaminated 


Epon; 


cancer. 


lines being established every year, and very 
few of them ever get their identities pro- 


us. Hela cells came 
from Henrietta Lacks's cervical 


¢ far too many cell lines, and MacLeod angues that depositing 
lines should be required so that DNA finger- 


prints can be established and stored for 


Lines from 45 different laboratories, Many were contaminated with cells 
from other species, but the bulk—more than 40 individual lines—had 
been overcome by HeLa cells. “This sort of scenario happened many, 
‘many times; people who thought they were working with one type of 
cells [were later found to be] working with HeLa cells,” he says. 

[Nelson Rees pubtshed his results in a series of papers in Science in the 
19705, uiging scientists to stop using contaminated cell ines, re-evaluate 
their previous research, and employ simple quality-control practices such 
as regularly verifying their tines’ authenticity. 

'Nelson-Rees’s revelations threw the community into a frenzy. Many 
studies were called into question, and Nelson-Rees was naming names. 
‘Some biologists reacted with hostility, and Noture in an editorial called 
Nelson-Rees a “self-appointed vigilante.” in a 2001 commentary on cell 
{ine authentication, Stephen O'Brien of NCI in Bethesda, Maryland, who 
hhad worked with Nelson Rees, recalled the tension: “Human emotions 
‘were on edge, red faces were appearing in the most prestigious labora~ 
tories, and discussions of the problem lost any semblance of civility,” 
Nelson-Rees even remembers an anonymous telegram offering to send 
hhim a one-way ticket to South Africa. “My aim was to clear up a morass 
‘of contamination, and it wasn't easy,” he says. 

The attacks ultimately ook their tol. In 1981, Nelson-Rees quit sc 
lence and opened an art gallery in San Francisco. 

HeLa continues to spread today. In 2004, Gertrude Buehring of the 
University of California, Berkeley, and her colleagues surveyed 

485 researchers from 48 countries who were working 

‘with specific cell lines and found that 49 were using 

seven lines that others had shown to be contaminated 

by HeLa. When Buehring conducted a PubMed search to 

Jp identify the number of publications from researchers 

‘wrongly using HeLacontaminated lines as though they 

stil had cells of the original Line, she found a total of 

220 papers between 1969 and April 2004. And the 

‘number of publications on research using cell lines 

shown to have become contaminated by Hela had 

Jncreased by a factor of 10 between 1969 and 2004, 

‘whereas the total number of publications had increased 
by only afactor of 2.7. 

But perhaps Nelson-Rees will finally get his due. 
Other scientists are now taking up his ight against cell 
line contamination (see main tex). And in 2004, the 
Society for In Vitro Biology publicly recognized his con- 
tribution to science with a lifetime achievement award. 


RC 
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future verification attempts. 

Researchers sometimes publish papers 
‘on individual mix-ups, hoping to warn the 
rest of the community abouta 
line, But these warnings are typically 
restricted to specialized journals and fail to 
grab the attention of the 
community ple, Mordechai 
Liscovitch, a cancer researcher at the 
Weizmann Institute of Science in Rehove 
Israel, says he and his lab wasted 3 years 
because they hadn't noticed a publication 
revealing that the wo breast cancer lines 
they were studying were not actually 
related —a fact the U.S, National Cancer 
Institute knew and attempted to publicize, 
although it continues to use and distribute 
the contaminated lines for drug testing (see 
sidebar, p. 929) 


A birthday resolution 
Nelsoi have failed to stop the 
spread of HeLa cells, but Nardone is tak~ 
ing up his battle 
R/M Nardone Associates, a biotechnology 
training company, Nardone has for more 


Rees 1 


The retired director of 


and postdocs at NIH 
techniques. “Each year, [ give a lecture on 
cefoss contamination, “And each 
year, I get the same blank stares that tell 
me they aren't adopting the techniques. 

In 2005, he happened to give this le 
ture on his 77th birthday. After the class, 
when his son asked him whether he had a 
birthday resolution, Nardone realized that 
he was “so damn mad” about th 
Lance of seientists to acknowled 
seriousness of the problem that he « 
to do more than give an annual talk to a 
fow biologists 

Several weeks later, Nardone put 
together a white paper titled Eradication of 
Cross-Contaminated Cell Lines: A Call for 
Action. “Clearly. the current situation is 
Intolerable and requires a broad, coordi- 
nated effort involving those who do 

ch, fund research, publish findin 
reher 


bout cell culture 


of research, and educate resi 


he writes. 
Nardone’s “call for action” seeks two 
broad changes: n 


ore regulations and 
nereased education efforts. 
argues that journals a 
should i 
forcing them to submit proof of cell line 
identity along with their manuscripts and 
grant proposals, respectively. This, he 
says, has to be supplemented by renewed 
education efforts to increase 
of the cross-contamination probl 


pose strict rules on researchers, 


wareness 


especially among 
younger researchers 


BLIN-1 


who are unfamiliar 3 
with its history 2 
The journals 


seem to embrace 
his warnings but 
not his solutions. 
In an e-mail, Sally 
Rockey. deputy 
director of NIH's 
Office of Extr 

mural Research, 
d Science that 


‘NIH is aware that 


ous issue that ca 
result in loss of 
biological products 
rch worthless. ... The 
tion of scientists can be 
affected if research is conducted using 
nated cell lines.” Yet, Rockey 
It would be impractical to 
uthenticat ition of 
award as cell lines are used routi 
thousands of basic science studies that 
NIH funds. ... NIH believes that profes- 
sional societies and scientists themselves 
should be driving the pro toward 
best practices in avoiding cell culture 
nination instead of placi 
responsibility on the fundi 


Journals also hesitate to assert authority, 
This is a requirem, would be 
imposed hy the field, journal,” 
says Science Deputy Editor for Biology 
Katrina Kelner. “We do not have an explicit 
policy but will certainly keep our eye on this 
if it is something that becomes a standard.” 
Nature did recently mandate DNA finger- 
print data for papers reporting new human 
‘embryonic stem cell lines, but this policy 


doesn’t extend to all cells. “I think we would 
agree with the sentiment” in the white 
paper, say's Natalie DeWitt, a biology editor 
at Nature, But “you can’t just suddenly say 
we need to verify cell jon’t have 
labs in our offices, and we can’t check the 
lines ourselves and say it’s from hamster 


sea Chasan, executive editor of the 
Journal of the National Cancer Institute 
(INCD, says reviewers sometimes raise 
questions about cell line identity, but after 
reviewing Nardone’s white paper, INCI 
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Ko51 
SAM-1 

SPI-801 
SPI-802 


‘entity theft. ONA fingerprinting ofthese cancer cell lines shows that most, 
i pot al, are identical tothe chronic myelogenous leukemia ine K-562 RS, 
{or example, had been thought to be an acute myelogenous leukemia line 


they have authemticated their lines, Some 
issties need to be worked out, however, For 
example, should that request come before 
‘or after a paper undergoes review? “If a 
paper has gone through the pe 
process and the authors aren't able to con 
firm the identity of the cell line, it's not yet 
‘what we would do,” says Chasan. Ifthe 
genetic signatures of all established cell 
ines were available in a public database, 
then it would be easier for journals to step 
in, notes DeWitt 

As journals wrestle with the problems 
posed by cell line mix-ups—Reynolds 1 
ar as to te that journals would 
have to retract 35% to 40% of their previ- 
‘ously published cell biology papers to weed 
out invalid data ganizations are 
trying to help in different ways, The Society 
for In Vitro Biology will hold a symposium 
at its 2007 annual meeting in which Yvonne 
Reid of ATCC will talk about how contami 
nation can be prevented, Nardone, Masters. 
and Joseph Perrone of ATCC are also organ 
conference to discuss standards and 

jdelines that could lead to profession- 
wide compliance for authentication, And 
ATCC, which has for decades sold lines 
“en by HeLa, recently decided to stop 
distributing the lines, except for 


review 


some 01 


routinel 
special requests from researchers. But 


these efforts will have limited effect, says 
Nardone, if journals and grant-awarding 
agencies won't mandate cell line authenti- 
What biologists need. he concludes, 
is a“stick saying that if you don't do this, 
there will be a consequ 


-RHITU CHATTERJEE 
Rhitu Chatteree i a science writer in Washington, D.C 
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A Half-Century Late, Alternative 
Accelerator Takes Off 


It’s not quite a cyclotron and not really a synchrotron, but the fixed-field alternating 
gradient synchrotron could create a whole new role for particle beams 


When physicists started developing partic! 
accelerators known as fixedfield alternating- 
gradient synchrotrons (FFAGs), Dwight 
Eisenhower was president of the United 
States, and Elvis Prestey was a promising 
‘unknown, Now, 50 years later, researchers are 
starting to build FFAG that really work, Pro- 
ponents say these accelerators may briny pat= 
ticle beams to bear on new fields and applica- 
tions: destroying tumors with pinpoint preci- 
sion, slashing the half-life of radioactive 
‘waste, and teasing out the propertic: 
most fundamental 
‘could revoutioniz 
in general” says Robert Cywinski. an experi- 
ntal physicist at Leeds University in the 
‘Every university should have one” 
Like the synchrotrons and cyclotrons 
familiar to today’s scientists, FFAGS use ele 
Irie fields to aecelerate bunches of charged 
particles such as protons or electrons around a 
ring at close tothe speed of Hight. But they dif- 
hey side the particles around 
otrons, a fixed magnetic 
Id forces a beam of charged particles 
move in a circle, but regular volta 
‘boost the particles’ speed and make them spi- 
ral outward, The size of the huge magnets 
needed to keep the particles inside the 
‘machine limits the energy of the beam. 
fons overcome that problem by 
sing variable magnetic fields that ramp up as 
& the particles increase in energy. But once the 
nay particles, 
annot inject more, low-enengy particles 
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into the accelerator, That cutoff puts a ceiling 
‘on the beams intensity 

FFAGs solve those problems by using a 
rmugnetic field that stays fixed in time but that 
grows stronger toward the outside of the ring. 
As particles gain eneny and drift outward, the 
strong field keeps them on track. Asa result 
particles witha range of enengiescanall orbit at 
"FAG to produce px 
ticle beams more energetic than a eyelotron’s 
and more intense than a synchrotron’ 

The idea was originally put forward by 
Japanese physicist Chihiro Ohkawa in 1953, 
Researchers in the United States built three 
small FFAGs in the late 1950s and early 
1960s. But the difficulty of creating the eare- 
fully shaped magnetic fields made larger 
devices impractical 

However, better magnets and computer 
simulations of three-dimensional magnetic 
fields have renewed interest in FFAGS. The 
spur came in the late 1990s from plans to 
build a neutrino factory, a multibillion-Jol- 
lar facility that would produce extremely 
intense and high-energy beams of neutrinos. 
Yoshiharu Mori and colleagues at the KEK 
particle physics lab near Tokyo thought that 
an FFAG would be ideal for accelerating 
particles needed to create the neutrinos. In 
2000, they built a small “proof of principl 
device and have since constructed a larger 
machine with a radius of about 5 meters. 
Last year. this machine accelerated protons. 
Uup to 100 million electron volts at a rate of 
100 bunches second—twice the maximum 


Long time coming. This 5-meter-radius FFAG 
built at the KEK laboratory in Japan outperforms 
traditional synchrotrons. 


rate attained with a synchrotron, 

This prototype machine was designed to 
test applications such as hadron therapy, which 
uses protons and other charged particles to 
destroy tumors, Mori has also joined Kaichiro 
Mishima and colleagues at Kyoto University 
test whether an FFAG proton beam can slash 
the half-life—and therefore the threat to fiture 
generations—of some long-lived radioactive 
‘waste, Other attempts at “transmutation” of 
nuclear waste involve using linear accelerators 
but Mishima thinks FFAGs have the edg 
because they are cheaper, smaller, and more 
efficient, “Whereas linear accelerator would 
rnced to be up to a kilometer long, an FFAG 
‘would probably be just a few tens of meters in 
diameter.” he says. 

First, however, FFAGs must clear some 
major technical hurdles. KEK has s0 far con- 

snirated on “scaling” FEAGs, in which the 
orbits ofthe particles remain a constant shape 
as the size of these orbits increases, or 
“scales,” with momentum, But these require 
ange magnets and are extremely complex. 
Much simpler and more compact, theorists 
‘sy, would bea “nonscaling” FFAG, in which 
particle orbits change shape with increasing 
energy. No one has built one yet, because it 
has been assumed that the shape-shifting 
orbits make the beam almost impossible to 
confine. But a new ULK.-led consortium of 
iversities and radiation oncology centers 
believes it can solve that probl 
ing particles so quickly thatthe b 
have time to spread significantly 

The consortium recently received $16 mil- 
tion to build a small demonstration nonscaling 
electron FFAG, known as EMMA, atthe UK. 
government's Daresbury Laboratory and 
design a proton device for hadron therapy. 

here's an element of risk involved." say 
Roger Barlow of the University of Manchester, 
who leads the UK. project. "But I'm confident 
it will work. I's question of how hard it will 
betoget EMMA upandrunning.” Meanwhile, 
physicists at Brookhaven National Laboratory 
in Upton, New York, working with researchers 
from industry, hope to get funding to build 
their own nonscaling devi 

fall goes as planned. a nonscaling FFAG 
could be treating patients at a British hospital 
‘within 6 oF 7 years, says consortium member 
Bleddlyn Jones, a cancer specialist at Univer 
sity Hospital Birmingham, 

EDWIN CARTLIDGE 

nin Cari s news editor of Physi Word magazine 
in Brit UK 
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Saving a Lost Culture’s 
Megalithic Jars 


Iconic and baffling, massive stone urns scattered across Laos may hold clues to the 
rise of Southeast Asia’s first cities 


XIENG KHOUANG, LAOS—You could easily 
insert a full-grown adult into any of the dozens. 


map. So is their location: There are nearly 
2500 jars, lids, and stone disks at 52 known 
f Jas the 
15,000-square-kilometer 


oth 
promontory in central Laos. Ora husband and 
I small children. 
or shrieking 


on the Plain 
diamond-shaped 
Xieng Khow 


A concerted effort is 


Wife, for that matter, or seve a Provinos 
The hallowed corpse of a ki 


prisoners captured in battle: The gruesome 


ow under way 10 


save one of Asia’s enduring archaeological 


riddles. UNESCO 
of the prehistoric sandstone vessels are hazy, hi 


wl the Laos government 


possibilities are endless, Although the origins 


.¢ just launched a new phase of a program 


divining their purpose requires minimal, to safeguard the Plain of Jars 
albeit morbid, imagination. “All around these 
jars are graves.” says Julie Van Den Bergh 
UNESCO archacologist for the Plain of Jars. 


She and other experts speculate that bodies 


ipated in 2008, for the 
xeney’s World Heritage List. One task 
wect the Xieng 3 Plateaus from 
Another is 
to protect the tourists themselves from unex 
ploded ondnance (UXO) 
victims in the countryside each year, a legacy 
the US. “Secret War 
1960s 70s, 


‘were put inthe jars todecompose, and then the 


The world’s biggest mortuary vessels, 


waged here in the 


ie upright and some tipped over in scrag. 


early 


ly grass parched brown in the winter dry sea 


son, “are a spectacular enigma,” says Peter 
Bellwood, an archaeologist at Australian 
National t For 
no one knows which culture they belong to, struction, 
Their utter lack of adornment has cloaked —L. Ciochon, a So 
University of low 


the jar 


Deciphering the meaning of the jars “could 
shed light on the rela 


versity in Canbe atith 


“ocial complexity and me 
ogist Russell 


Asia speciall 


them in mystery, The urns presumably were Jowa City, who compares 
enchanting and better 
aaliths: Britain's 
Stonehenge and the 
Moai faces of 
Rapa Nui 


hewn from nearby quarries, but radio: 
carbon dating isall over the 


(Easter Island), Tracing the jars’ provenance: 


nization in prehistoric South- 
east Asia” during its transformation from a 
loose collection of subsistence farming com- 
munities to a web of urban centers that traded 
with China and India and also imported their 
religions, Buddhism and Hinduism, 


Drained of lifeblood 
According to local lore, the jars were made 


to store Jau-lao, or rice whiskey, fora feast 


the military vietory 
overan unruly chief 


1500 years ago tocelebr 
of King Khun Chuan 

tain, Chao Angka, In the 1930s, Madeleine 
Colani, a French archaeologist, pieved together 
a more macabre story. Near the town of 
in in Xieng Khouang, at Thong Hai 
Hin (also called Ban Ang or Site One), one of 
the bigger fields with more than 250 urns, 


Colani uneanhed grave goods including ylass 
andearnelian beads, ceramic potsherds, bronze 
bracelets, and spearheads. The artifacts resem 


¢ sites in northeastern 
Thailand, stys Charles Higham, an archacolo- 
« atthe University of Otago in Dunedin, New 
Zealand, who is excavating a Thai site from that 
period. Higham pegs the Laos grave goods to 
the 2nd to Sth centuries CLE 


Colani also found charred bone and ash ina 
nearby cave ina limestone hill, In 600-page 
treatise on the Plain of Jars, she ventured that 
remains were cremated in the cave, which has 
a meter-wide hole in its ceiling—a natural 
chimney. Ash and bone were then interred in 
the jars, while tools, jewelry, and other objects 
for use of the deceased in the afterlife were 
buried next tothe jars, Colani proposed. Stone 
disks served as grave markers, 

Before colleagues could probe this theory 
nflict, After 3 decades 
of internal strife, the war in Vietnam spilled 
‘over the border in the 1960s, Central Laos 
bore the brunt of US.-backed carpet bomb- 


Laos descended int 


inall, some 2 million tons of muni- 
tions to disrupt North Vietnamese 


supply lines, “It’s a miracle that so 


‘many jars survive 
Not surprisi 


ely, study of the jars la 
picked up again in 1994, 
when Thongs Sayavongkhamdy, now direc- 
tor of Laos’ Department of Museums and 
excavated several burials near 
the jars, His work supported Colani’s view of 
the jar fields as cemeteries, But the bone frag 
ments he uncovered were not charred, "Was 


even today villagers erect small stupa con 
ing ash of deceased relatives near the jars 

UNESCO’s working hypothesis is that 
bodies were placed in the jars to rot and dry 
out: a ritual de rs Van Den 
Bergheallsit, “distilling the body of ts human 
(Lids found at other sites would 
have kept out seave 
pelling modern parallel: Cambodian, Lao, and 
Thai nobility for centuries have been interred 
in large urns before cremation, An official 
Thailand's Royal Palace told Seience thateach 
previous king of the present dynasty. upon his 
death, has been placed ina siting position ina 

ge golden urn for ¥ months before enem 

tion, But h for such a practice in 
ancient Laosis elusive, “W: 
distilled in the jars is probably unknowable,” 
says Higham, 

The Asian megalith makers too are 
inscrutable, Colani speculated that the jars 


essence, 


s.) She cites a ¢ 


J evider 
ther bodies were 


were fashioned by a vigorous society that 
mined salt, a valuable commodity, and was 
situated favorably on caravan routes, Similar 
Jarge stone jars have tured up in the Assam 
Province of northeast sting a 
possible cultural connection. However, Van 
Den Ber yet pinpointed a 
prehistoric settlement in Xieng Khouang, 
The age of the jars is anyone’s guess 
Charcoal found just under some of them is 
4000 years old, and bone fragments from a 
few burials are 900 t0 1000 yea 
old. The bulk of material is 
between 2500 and 1500 yy 
old. Although there is no way to 


Hotes, no 04 


directly date the sandstone jars, Ciochon sug- 
ts using optically stimulated lumi 
cence to date quartz crystals in sediments 
underneath, n this recent technique, light lib- 
erates trapped electrons from long-buried 
crystals; intensity depends on background 
radioactivity and duration of burial. For the 
quartz trapped directly beneath 
the last rime these sediments were exposed 
to ight was when the jars were put in place,” 
Ciochon says. UNESCO hopes to find fund- 
ing for such dating. Van Den Bergh says 
Iesevident thatthe steely gray jars in Xieng 
Khouang were hewn from local rock. When 
first chiseled, they would 
cream-colored and sparkled in the sun, Says 
Van Den Bergh. “They must have been stun- 
"she says. In 2000, in highlands near Site 
documented the vest 


right jars 


sandstone quarry. The jars presumably were 


rolled on le 
way, “then 


{perhaps ferried by boat part 
* says Van Den 


no clues to the artisans 
the urns give much away. 
ly 2000 verified jars, ust 
an image inscribed by its makers: Excavating 
at Thong Hai Hin in November 1994, Eiji 
an archacologist at Kagoshima Univ 
sity in J 


identities. Nor dk 


Ofthe nehas 


with upturned arms near the bast 
They are tional,” says Van Den 
Bergh." 
‘creativity into it 
A handful of lids and disks have images of 
tigers and monkeys. and one disk at Site Two 
isadomed with acu froglike 
Large stone 
Island in Indones 
ids" says Bellwood. But there is no 
dence linking the two sites, 
Bethvood believes that archaeology a 
will not unmask the jar people. But compara- 
tive ht. Presuming that the mak- 
cersof the Sulawes jars spoke an Austronesian 
language. he: 


an Austronesian enclave- 


ous carving of 


wu those in Laos might have 
pethaps from 
central Vietnam, where the Sa Huynh culture 


uused burial pots some 2000 years ago. But 


NEWSFOCUS, i 


Bellwood acknowledges that he has not been 
able to find any 
identifiable place names 


linguistic descendents or 
n Laos today 


‘Scientific minefield 

With plenty of puzzles left solve, UNESCO. 
and Laos authorities are endeavoring to keep 
Xieng Khouang’s treasures intact—both for 
future study and to attract more tourism rev~ 
enue to the impoverished province. Van Den 
Bengh’s team has mapped the Xieng Khouang 
sites and is helping officials craft a manage- 
‘ment plan for the Plain of Jars, A new fence at 
Site Three iskeeping out eattle, which had trod. 
ceireles around jars, rubbing against them and 


compressing the soil so much that some jars 
subsided. Before UNESCO and Laos officials 
intervened, son 
troughs for f 


¢ jars had been © 
i 
while lids and disks be 
millstones. And during the Secret War, untold 
numbers of relics were blown to bits 
The scars of war are still plain 


to serve as 
animals or collecting 


Th 
ded with spiky wild aloe, are pockmarked 
with bomb 
eral metersacross, The nonprofit Mines Advie 
sory Group has cleared 175 UXO—ineluding. 
bombs, rock: y shells, mortars, and 
20-millime ‘eraft rounds —from 
around the il paths at the three main 
Xieng Khouang sites, Van Den Bergh has 
censured that artifacts are not damaged during, 
ce, Fescuing a dozen stone tools, pot- 
tery, ron knives, and bone 

Although UXO make the surrounding 
countryside treacherous, the Xieng Khouang. 
sites are becoming safer for research, That 
has emboldened Van Den Bengh to hunt for 
partner on a ground-penetrating radar survey. 
Farther afield, newly identified jar sites near 
the capital, Vientiane, and the medieval city of 
Luang Prabang are wholly unexplored. If 
that’s not enticement enough for archacolo- 
sists, the jars continue to defy analysis. When 
‘Van Den Bergh first ago, 
she admits, “I didn’t know much about the 
jars. But there wasn't much to know." And 
there still 


lds, studl- 


ud sev 


gments, 


ived here 6 ye 
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A Voice over the Smoke for 
Academic Freedom 


| CANNOT UNDERSTAND WHY THE PROPONENTS OF THE UNIVERSITY 
of California (UC) ban on funding from tobacco companies (“UC 
balks at campus-wide ban on toby D.Grimm, 
News of the Weck, 26 Jan.,p. 447) constanily mischaracterize tobacco 


weco money for research, 


company--tinded research as a “collective use of sponsored research 
by the manufacturers and distributors of tobacco products as an indus 
{ry t0 support a public deception about its products" That statement in 
the preamble of the recent action item RE-89 of the UC Board of 
Regents isin itself deception, 

Only a handful of UC 
myself 


scientists, including 
have competed successfully 
for tobacco company funds 
to conduct, as stated in the 
request for proposal guide 


lines, hest quility re 
search that contributes to the 


fundamental scientific know! 


“Let's not squander the recent public 
health gains against smoking by 
attacking the foundation of freedom of 
speech and inquiry, which gave rise to 
the gains in the first place 


and that regarding 


ste smokin 


edge addresses the concern of public health 


Thave not deceived the public, have not promoted tobacco Use, 
and have not experienced any corporate intrusion in the collection 
or analysis of my research data, Yet neither I nor the other 107 
awardees since 1995 have ever received the opportunity to defend 
elves against these changes. 

The UC Board of Regents just has to apply the principles of act 
demic freedom, give all awardees a voice to contest the allegations, 


and determine fairly if any public deception has actually occurred, 
They will discover that the hard evidence supports the 2006 UC 
Assembly of the Academic Senate resolution to assert academic free 


dom against a wba 


fund ban. Let's not squander the recent public 
gainst smoking by attacking the foundation of freedom 


of speech and inquiry, which gave rise to the 
gains in the first place 
THOMAS JUE* 


Department of Blochemisty and Molecular Medicine, 
University of California Davs Medical School, Davis, CA 
95616-0635, USA 


‘the aur vecertly completed a Pill Moris-funded po 
«ct to develop noninvasive magnetic resonance techniques 
measure vascular orygen levels in tsue 


—Jue 


Debating Evidence forthe = '*" 
Origin of Life on Earth ( 


10h 


sat pH 1 


then quickly hydrolyzes to ammonia and for 


THERE ARE TWO MAIN THEORIES FOR THE 
of life on Earth: the “pioneer metabolic 


mate (2). Huber and W 


theory” (ahot, voleanie a stabilized the cyanide 


igin) and the “prebi 
‘otic soup theory” (a cold, oceanic origin). In 
their Report “d-hydroxy and a-amin 
under possible Hadean, volcanic 0 

conditions” (27 Oct, 2006, p. 630). 
and G. Wiichtershiuser describe prebiotic 


acids state concentration of 
life 


Huber 


0 imp 


tions is 
models us 
Nor are such eleva 


synthesis experiments that are claimed to 


“narrow the gap between biochemistry and 
volcanic geochemistry” However, no plausi- 
ble geological 
the cited conditions of 0.1 10 0.2 M KCN 
100°C. As noted by Schwartz (7), in the 
“exceedingly improbable” case that all of 
Hadean Earth's nitrogen was converted to 
cyanide and dissolved in the oceans, a 0.2 M 


rich a 


avironment could mainta 


The compounds 


inide solution could be produced. Such 


sci 3.01g SCIENCE 


high concentrations of cyanide in volcanic 
ions would rapidly hydrolyze at 100°C 


that Ni/Fe-cyanide pres 
cyanide would be needed to produce a steady. 


100°C. No stich robust sources are known 

The proposed 75 bars CO in vo 
sible, based on outgass 
wilinary chondritic material (3) 
ed CO pressures necessary 
previous experiments have demonstrated that a 

iment of prebiotic on 

pounds can be synthesized usi 


atmosphere [see (4) and references therein} 


Wachtershauser, as well as their relative 
abundance, are remarkably simi 


generated previously in the “prebiotic 
experiments they disparage. They 
claim that the lack of tar formation (from 


0 formamide, which 
cyanide polymerization) makes their results 
distinct from earlier experiments, but this, 


ichtershiiuser sugges 


ates would have difference is easily explained by the reaction 


fobust sources of of cyanide with formaldehyde, produced by 


metal-catalyzed reduction reactions of 


).2 M KCN at mnerated in this case by cyanide 
hydrolysis and the direct hydration of CO). 
As for their experiment 14, wherein they 
claim that 


suspect th 


no products were detected, we 
they had acid hydrolyzed the 


final solution, several products would have 
been identified (5). Finally, the results 
reported by Huber and Waichtershiiuser are 
easily accommodated within the framework, 
of an updated prebiotic soup heterotrophic 


variety of 
odest ~1 bar CON, 


theory in which pyrite and other metal sul- 
nerated by Huber and fides are recognized as an important source 


of electrons for the reduction of organic 


ito those compounds (6). In such a model, mineral 


15.16 FEBRUARY 2007 


937 


| LETTE! 


938 


surfaces have the potential to select, concen: 
and organize these molecules (7) 
JEFFREY L. BADA.* BRUCE FEGLEY JR. 
STANLEY L. MILLER, ANTONIO LAZCANO,* 
H. JAMES CLEAVES,* ROBERT M. HAZEN,> 
JOHN CHALMERS? 
'scripps Institution of Oceanography, La Jolla, CA 
92093-0212, USA. "Department of Earth and Planetary 
Science, Planetary Chemistry Laboratory, Washington 
University, St Louis, MO 63130, USA. Department o 
‘Chemisry and Biochemistry, Unversity of California, San 
Diego, Lo Jolla, CA 92093-0506, USA. “Faculte 
‘Glencas, UNAM, Mesico D.F, 04540, Mexico, *Carneg 
Institution, Washington, D¢ 20015-1305, USA 
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Response 
THERE ARE 
on the or 
theory 


JO MUTUALLY EXCLU 
in of life, The 
claims a momentary, mechanist 


/ETHEORIES 


ical 


George R. Brown 
Convention Center 

[Ac 1.85 millon gross square feet. 639,000 

square feet contiguous meeting space, the 
GRBCC now ranks among the 10 rg 

convention cancers in Amari, located the 

heart of downeown Houston and in the mi 

of encerairnart, ding and ihe 


HOUSTO! 


GIx3 


nie flow in con 
(Tt 


protracted. mechanisti 


primitive ocean, in which org 


ure selForganization in a cold, 


accumulated over thousands or mill 


1s, The experiments under disc 


ween designed to test the pioneer organism 


theory, and all experimental parameters have 


been chosen within this framework. The criti 


1m presented by Bada etal, is made from the 
perspective of the prebiotic 
In agreemen nism 
theory, we used Ni alytic 
poses. These tran form ex 
imely stable cyanc which are 


similarto th Jc Field stu 


ies (2). This mean «tically all cyanide 
ions become fixed as cyano ligands, with the 
effect that the concentration of dissolved free 
cyanide ions in the water phase is extremely 
low due to the high stability of the cyano 
complexes. It is a well-established fact 


seem to ignore this difference. They appear to 
\work from the experience of previous prebi 
otic soup experiments with dissolved free 
cyanide, which did not yield products unless 
the cyanide concentration in water was suffi- 
ciently high (3), Therefore, this criticism 
is pointless, 

We used | bar CO (Table |, run 1), and we 
discussed at length that such CO pressure is in 
reement with the volcanic setting of the 
isn theory. In other runs, we 
used 10 or 75 bar CO to shorten the reaction 
hi 


s pressure. Therefore, the criticism of our use 


075 bar CO is pointless, We note that our use 
of bar CO was not criticized. 
Therefore 


the 


doubt on the ability of our reactions to have 
taken 


ace within a volcanic, hydrothermal 
Earth, 
We note that our erities differ from us as to 
the fate of reaction products we have found, 
From the 


point of view of the pioneer 


e.8. chydroxy acids or a-amino acids [or 


all. Over 5,000 
y profe 


by METRO 


www.VisitHoustonTexas.com 
il; 1-800-4HOUSTON 
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peptides arising therefrom (4, 5)], as exhibit 


catalytic Feedback in situ by 


providing transition metal ligands for li 


accelerated catalysis (6) of carbon fixation 


pathways, which constitutes evolvable repro- 
duction (7), Reaction products that spill out 


Into vast expanses of the ocean lose all chem 


‘eal potential by dilution and are irreversibl 


of the pioneer organism (7). 

From the point of view of the prebiotic 
soup theory, our critics see our reaction prod: 
‘ucts as entering the primitive ocean to become 


ie Soup. 
wherein afier some thousand or million yes 
and under all manner of diverse influences, 
the magic of self-organization is believed 10 
have somehow generated an unspecified fir 


The two theories are categorically differen 
from the perspective of experimental science 
cted to the 


The prebiotic soup theory is re 


testing of individual aspects of a long, pro- 
tracted overall process (3). The pioneer ong 
nism, by contrast, 1s expected to be exper 
mentally realizable in 110 (7), 
GUNTER WACHTERSHAUSER? ANO 


CLAUDIA HUBER? 


209 mal 


Chemistry and Bi 
Lichen 
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cation on Global 
Access to Drugs 

MARTIN EN 
weighs nudic 


K’S ARTICLE "WHO PANE 
(News of the Week, | 


misrepresents th 


debate on global access to medicin. 


In the final paragraph, there is 
(0 the World Health Assembly (WHA) re 


ing a Wo 


Houston 


www.VisitHoustonTexas.com 
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(WHO) Intergovernmental Working Group 
(IGWG) on Public Health, Innovation, and 
Intellectual Property, followed by the sentence 
‘(The drug companies and the European 
Commission opposed the plan.) 

In fac 
proponent of WHA Resolution 59.24 
at last May’s World Health Assembly 
The Commission worked with the European 


the European Commission was a 


Union (EU) to support the resolution, 
ishment of the WHO, 
IGWG, The Commission was represented at 
the WHO IGWG in December by officials 


from five different Directorate Generals 
who worked closely with EU Member States 
at the meeting and actively intervened to sup. 
paint the process. 

The three stated priorities of the European 
Union at the IGWG were (i) to promote 


research and development focused on prod 


affect developing countries: (ii) to ensure that 
these products are affordable and accessible 
within natio 


al health systems: and (iii) 


censure that all countries can use the flexibili 


ies provided in international legal agree 
‘ments on intellectual property rights, 


Reliant 
Park 

Reliant Park, with its 2.1 millon gross 
square feet of exhibit and meeting space 

1s the largest sports entertainment, 
exposition and tradeshow complex in 
the world. Rellant Park houses 4 major 

facilites, Reliant Center (706213 gst 
of single level contiguous exhibie space) 

Reliant Stadium, Reliant Arena and 

Relant Astrodome. 
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The European Commis. ch the work < published maybe lcan find projects too ambitious for peer reviewers to 
countries, ats as a partner in Is ind wademark To my surprise, generally fourth or sixth Is the lack of first 
nid uses development funding and 1 ry patenns trad porship the reas does not receive 
impr wecess to medicines. A marks, I g the work to government-sponsored funding? It is not tater 
Commission legislative proposal for compul- remain in the public domain, Now [ know | af isanauthorin all those papers only because 
ory licensing was adopted by the E ‘ ny NeXt Mentor, even if {supplying key reagents oF involvement in 
Parliament and Council earlier this year distance. Maybe can find for- patient care, The days of automatic authorship 
(Regulation 816/206). The EU also fully mx » NIH-sponsored research project. as the reward for providing hey components 10 
compulsory licensing in all bilateral free ne . 0,000 consigned to the acknowledgment section 
trade agreement ANORZE) RYS —cationson a myr . piled my former professors to see if they 
copean Commision, B-1049 Brel Beli wing? De reply. Does anyone know where o find 
focus pect N RICHARD MCOONALD 
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IRK IS REFERENCED IN DIVER 


research abilities that cross man) ic Reports.“ 
fields, Et al does work in AIDS vert 
cer discoveries, diabetes, geok i bp 
hysies, and even in research on ates 
worm called C How dex i a 


a university, what do fh? With all 
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Voices from Bird Bones secon Sia ee oe 


named and d 


<cribed, dozens of others rec 


Jared Diamond nized but not yet named or described, and 
ome lange geographic range extensions, Bird 

aeontologists study In Extinction and Bio- species diversity and endemism prove to have 
cavated from early fic Birds, David Stead- more frequent, and flightless species far more 
archaeological sites on Pa- [Zana man summarizes fossil numerous than previously realized, Contrary 
cific islands have identified [i scific islands to the former view of pre-industrial humans as 


other than New Zealand treading lightly on their environments, human, 
and Hawaii, His account is colonization of every well-studied Pac 


many previously unknown 
bird species that evidently 


ed in lange part on his island group was followed by a wave of verte 
human arrival, Those ex- own discoveries over the — brate extinctions, 
tinctions have implications CLT po ersonally All these discoveries represent new data 


for human history in the [ACO Cee og excavated dozens of sites, 


years. He 


Pacific, biogeo; indreds of the on, and commu 


ut biogeography, extine 
Throughout the book, Steadman 


TUR y David W. Steadman retrieved 
logy, Two sands of bones, measured 


recent books, which com the bones of over 25,000 criticizes conclusions reached by previous 
individual birds, and pre- authors (especially Ernst Mayr, Robert 


pared uncounted skeletons H. MacArthur, and Edward O, Wilson) who 


plement each other 


appeared simultaneously ‘of modem species forcom- worked before the impact of human-caused 


summarize current know parison, This monumental — extinetion in Oceania was recognized, Sten 
edge of extinct birds on all Pacific island research program was accomplished mostly man concludes that impact “revolutionizes 

st obstacles in obtain- avian biogeography on Pacific islands.” One 
might therefore expect the book to be full of 


groups except Hawaii single-handedly. ag 
Alan Tennyson and Paul Martinson’s 

Extinct Binds of New Ze ids 10 Trevor tion of local people, a 

Worthy and Richard Holdaway’seatlier book from grant agencies that admire studies of earlier interpretations are thereby altered, 

(J) by illustrating New Zealand's $8 


funding analyses of the new data, demonst: 


Sadly, such analyses are 
extinct bind species. Although the me not offered for most of 


famous of these are the giant flight 


nearly as remarkable were the world’s largest only crude analyses. are 


offered for others—although 
the book often provides. 


eagle (up 10 16 kg) and its smallest flightless 
bird (22 g). Martinson’s 


enough data to let others do 


alcul 


1g home the tragic loss of for 


The New Zeakand fossil avifinna is by far Sayre conchigions about 
Pacific istand avian bio 


raphy were that an Austra 


the most completely sampled in the world: coy: 


most of the extinct species are known from 
bones of hundreds or thousands of individu Tian biogeographic compo- 
als, and almost all modern species have been nent in the islands’ mainly 
recovered as fossils, Among the pd New Guinea-derived avi 
made in Tennyson's text and by Worthy and 


Holdaway (1) is that the New Zealand ext 


faunas is strongest on New 
Caledonia, decreasing to 


§ tions were followed by the founding of New the east and north (2), 
§ Zealand populations of at least 16 Australian cl that island endemnism 
3 species in esponse to human-induced habi inereases with ind area 
& changes and to disappearances of related and isolation (3). Other re 
{former resident species. Small Australian Searchers have concluded 


that the body masses of an 


swamphens, coots, and harriers replaced ex- 


tinct giant congenerie species: a coastal vege- island’s top herbivore and 


tarian shelduck spread inland after the extine 
arian Finsch’s duck: and 


tion of the ve jea and possibly with, 


Australian pied stilts prospered.as populations 
of New Zealand black stilts crashed 


ge and productivity 
(4, 5), Steadman discusses 
g none of these points. (My 
Done in by rats and cats. The smallest. d tyal’s ren Travers 
vied that his data confirm rather 

than overturn these conclu 


preliminary impression is 


The reviewer isin the Department of Geography, UCLA 
Los Angeles, CA 90095-1524, USA. Ema: jdlamonda 
grog.uda.edu 
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sions.) fan Atkinson (6) and others have sug 
gested that susceptibility of istand binds to 
extermination by introduced mammalian pred- 
atorsdepenals on prior evolutionary expostnet0 
native mammalian predators and also to non- 
‘mammalian predators such as land erabs and 
land erocodiles. Steadman provides much data 
suitable for quantitative evaluation of the idea, 
but he does not pursue the analysis beyond 
an anecdotal example (New Ireland) and 
some qualitative discussion. Another much- 
discussed topic of avian biogeography that 
Steadman does not explore is the trade-of 
between costs and benetits that lead to the evo- 
lution of fightlessness in island birds. With the 
author's discoveries, the prehistoric avifiaunas 
of the tropical Pacific now encompass the 
langest number of flightless birds in the work 
and Steadman lists the 25 bird families that 
contain flightless species. Yet he does not dis- 
«cuss why fightlessness never appeared in so 
‘many other bird families, or why it evolved in 
several Pacific pigeons and mezapodes. only 
three Pacific songbirds, and many ground~ 
dwelling rails but no ground-awelling quail 
The book's most glaring omissionsae sta- 
tistical analyses of island species numbers 
andl their control by area 4, distance D, and 
elevation L—despite long discussions of 
those subjects. For all Pacific islands other 
than New Zealand, small sample sizes mean 
that their fossil avifaunas are incompletely 
known and that their aetial S-values must be 
stimated by statistical sampling models, In 
paleontology, such statistical calculations: 
ex. ones that incorporate specimen numbers 
and relative species abundances recovered to 
date and known sampling biases (7)—are now 
routine and mandatory. Unfortunately, none 
appear in the book. Island biqgeographers 
routinely tease apart effects of 4, D.and Lon 
'S by multiple regression analyses and other 
statistical methods, but the book offers no 
such analyses of the prehistoric avifauna. 
There are no graphs of prehistoric S plotted 
aazainst either D or L. Despite a whole chapter 
area relations and their slope 
|. the book presents only a single 
19-14) of new fossil data adequate 
for calculating =; that plot for prehistoric land 
birds among seven islands in Tonga yields 
of 0.07, virtually unchanged from the modern 
2.0 0.06. Several graphs in the species-area 
chapter combine fossil and modern species on 
the assumption hatall existed simultaneously. 
But Tennyson and Martinson’saccounts of the 
far-better-kniown New Zealand avifauna warn 
Us that many modem species arrived only as 
rafter the original species dectined. It sas if 
‘one combined the 1940 and 1980 Manhattan 
telephone directories and assumed that all 


people in one directory shared their ishand 
withall people in the other. 

Despite this lack of supporting analyses, 
‘Steadman offers specific but implausible con- 
clusions: eg, that L has little or no effecton Sof 
Pacific islands other than low atolls: that “inter- 
island distances less than ca. 100 km have hada 
‘minimal effect on species richness”; and that S 
is virtually independent of island for any 
‘sland exceeding some threshold 4 (ranging 
fiom 1 10 5 kn in East Polynesia to 50 to 100 
sk? further west). Where do these detailed con- 
clusions come fron? 

Steadman’s method throughout the book 
isto replace quantitative analyses with anec- 
dotal examples that he then overgeneralizes, 
state the ovengeneralizations as beliefs, and 
finally relabel the beliefs as conclusions. For 
instance, he often remarks that a certain 
species confined today to some particular 
large istand has been found as a fossil on one 
‘or more smaller stands of the same archipel- 
‘ago, then concludes that this suggests that 
‘most or nearly all species were formerly pres 
ent on most or nearly all islands of the archi- 
pelago, The verbs believe, expect, predict, 
speculate, and suspect and the adverbs possi- 
bly, presumably, probably, and undoubtedly 
are used throughout the book—e.z.. on the 
average more than twice per page in the chap- 
fer on species-area relations—to precede 
statements that scientists normally draw as 
conclusions from analyses. In the final 
chapter, words like “I believe” and “proba- 
bly” become scarce, and the former beliefs 
become stated as facts. 

‘Why would someone spend 22 years exca- 
‘ating, cleaning, and microscopically serutiniz- 
ing 25,000 bind bones and then neglect modern 
analyses? The answer emerges on the first page 
ofthe Preface and appears repeatedly thereafter: 
‘Steadman states his disdain for many things, 
including computers, data transformations, 
dynamics, elegance, equations, generalizations, 
macroccology, overall frameworks, rules, statis- 
tics, and theory. He also repeatedly criticizes 
conchisions by biogeographers who used these 
approaches or concepts—not only MacArthur, 
Wilson, and Mayr but also James Brown, 
Stephen Hubbell, Mark Lomotino, Stuart 
Pimm, Robert Ricklefs, Dolph Schluter, 
Thomas Schoener, and (full disclosure) me. 
With these self-imposed blinders. it becomes 
tragically clear why Steadman did not under- 
take quantitative analyses of his own data, nor 
collaborate with others who could have compe- 
‘mente his expertise. 

The data in Ewinction and Biogeography 
of Tropical Bins are now available for others 
to analyze. But we shall have to look past 
‘Steadman’s dismissals of surviving modern 


avifiunas as unnatural and resistant to inter~ 
pretation at face value. Yes, answering some 
questions requires a historical perspective. 
However, biotas are buffeted today, and have 
been buffeted for hundreds of millions of 
years, by impacts other than those of humans, 
Living binds still eat, prey, compete, breed, 
disperse—and challenge our understand 
They remain the only birds in which we can 
study basic ecological processes directly. 
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PHYSICS 


Astronomers’ 
Relativity 


Peter Galison 


instein’s special and general theories 
Bots ben eoraging peo 
‘a century ago. Although the list of 
charges against them has fluctuated from 
year to year, many return to the same 
themes, Relativity is wrong, some insist, I 
is unintuitive, too geometrical, say others, 
The list goes on: General relativity uses 
unreasonably complicated mathematics, It 
violates Kantian philosophy, One or both 
ty are correct but were 
ipated by the French mathematician- 
ist Henri Poincaré, the German math- 
ematician David Hilbert, of the Dutch theo- 
rist Hendrik Lorentz Relativity’ premature 
demise has been announced time and again, 
Its effects don’t exist, or they do exist but 
have other explanations. The sun is oblate, 
thus causing the precession of the perihelion 
of Mercury. Or the ether can be detected by 
a souped-up Michelson-Morley experiment, 
Starlight isn’t ent as Einstein predicted—or 
it is, but that is due to the atmosphere of the 
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Sun or Earth or some combination. When all 
else failed, there was always the charge that 
the theory was too much like its author: 
too German, or not German enough, oF too 
Jewish, oF too cosmopolitan 

Jeffrey Crelinsten’s fascinating Einstein's 

Jury: The Race to Test Relativity tracks the 

ways in which one particular community, 

astronomers, handled Einstein's relativ 
theories, roughly between 1910 and | 

Although German and British astronomers 

appear, Crelinsten’s central and most illumi- 

nating focus is on American astronomers 

Among these, despite the rise of a remark- 

able astronomical community (one of the 

first real powerhouses in US. science), there 

\were some truly unpleasant types. One nasty 

piece of work, Thomas Jefferson Jackson 

See, quite hated E reneral theory 

(“too metaphysical”) and did all he could 

polemicizing, theorizing, and plagiarizing 

to sink Einstein's Fired both 
from the University of Chicago and Lowell 
Observatory, See nonetheless got a useful 
rise out of luminaries like James Jeans, who 
may have been pushed toward a more instru- 
mental interpretation of the theory by See's 
vituperative remarks. Another 
was Heber Curtis, an astronomer who 
had worked at Lick Observatory 
and then went on to direct 
the Allegheny Observate 
‘One prominent astrono- 
mer, Charles Laine Poor, 

though unable to fol- 
low the mathematics 
‘of the theory, none~ 
theless detested it and 

\wrote to Curtis that Ein- 

sicin was “the Bolshevist 

i of science.” Curtis for 

§ his part confided to Poor 

3 in May 1923, “there is ab- 

§ solutely no doubt, in my own 
mind, that a deflection [of starlight] 

3 exists essentially as shown on his pi 

§ (1.°75}. This does not, however, make me a 
believer in the theory of relativity. Lam still 

§ an irredcemable heretic, and it does not 

seem now that | shall ever swallow that the- 

§ ory unless chloroformed first.” 

Other Ameri 
assistance to back relativity. William Wallace 
‘Campbell, director of the Lick Observatory, 
shifted toward Einstein on the basis of metic~ 
ulous observation. As presented by a ev 
league in 1923, those Lick results indicated a 
new View: “that light is subject to gravitation 
and that Einstein's law of gravitation is more 
accurate than Newton's law.” Observation 
and theory met with great precision—1."75 


}s required less chemical 
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predicted, 1.°72 measured. In a powerful con- 
sensus, observations from both Lick and 
Mt. Wilson a: 
astronomical tide toward a broad if not uni- 
versal acceptance of general 
relativity. Additional support 
if more complex. news 
‘came from the results of spe 
traline measurements for the 
witational redshift. 
There is something under- 
standable—and right—abor 
Crelinsten’s decision to have 
his astronomical jury deliver 
its verdict in the late 1920s 
With two mountains of eclipse 
results on the table, the double c 
Lick and Mt, Wilson brought powerful 
support to relativity, As one American 
astronomer (Robert Aitken) put it in 1928, 
“the values are in substantial accord with the 
theory and ... no other satisfactory expl 
tion of the displa lable. 
Whether we like liged to 
admit that in these three instances [redshift 
perihelion, starlight) the Einstein theory has 
successfully stood the test of astronomical 
“observations.” So once the jury passed its 
verdict, the theory, like an innocent man, 
walked, No double jeopardy. In 
Jaw, yes: in science, not quite. 
The problem is that 
closure in the matter of 
Einsteinian theory (oF, 
indeed, other theo- 


ries) doesn't neces: 
sarily mean that the 
case stays closed. Take 
the long and troubled early 
history of the redshift, the 
prediction that light traveling out 
gravitating body would be moved 
rd.the lower end of the spectrum. If, as 
Aitken claimed, the issue of the redshift 
was settled by 1928, then we would be hard 
Put to understand the extraordinary impor- 
tance accorded the Massbauer effect meas- 
urements that R. V. Pound and G. A, Rebka 
obtained three decades later when they 
dropped light down the stairwell of Harvard's 
Jefferson Laboratory. Experimental condi- 
tions change: new and better technologies 
make possible the isolation and specifi 
cation of effects. 

This raises a larger point. American 
astronomers of the 1920s were keen to jetti- 
son high theory in favor of pragmatic 


from 


Orbital test. General relativity explained 
the motion of Mercury's perihelion. 


BOOKS cra. f 


measurements. As Crelinsten relates, the 
period's ever dealt with the 
deeper implications of Einstein’s ideas, 
It was not necessary... apart from the 
few specialists who work the 
equations, we do not need to 
understand the underlying 
concepts. nor do many of the 
experts.” But is this true? 
The redshift, for example, 
is really probing only the 
equivalence principle, not 
(for example) the curvature 
‘of space-time that is, in addi- 
tion to the equivalence prin- 
ciple, put to the test by light 
deflection, So two of the “classic” three 
experiments do not, in fact, test the same 
aspects of the general theory of relativity, In 
‘order to render a verdict, the observational 
astronomical jury needed—and needs—a 
specific statement ofthe charge it is to adju- 
dicate, And that requires a command of both 
experiment and theory 

Since the 1920s, a host of other experi- 

s have gotten at otheraspects ofthe the 

adar beams off the surface of 
us in superior conjunction came, in the 
1960s, tobe a probe of the nonlocal velocity 
of raced by the Sun, It was ch 
beeauise. unlike the precession of the px 
lion of Mercury, it was not so sensitive to the 
ess oF interior excitations of 
‘our favorite star. Tests of frame dragging 
by a precision satellite-borne gy 
(the general relativity “equiv 
alent” to magnetic interact- 
ions in electrodynamics) tested 

ther aspect of relativity 
The slowing of binary stars explored radiation 
through gravity waves—yet another, and 
quite different, aspect of general relativity. 

Crelinsten has done a great servies 
deserves our thanks for tracking so beaut 
fully the American astronomical response to 
relativity between the wars. But the once~ 
and-for-all-time jurisprudential metaphor is 
notoriously danj for his- 
tory. and for philosophy. New judgments 
about general relativity have arisen again 
and again—and will continue to arise in 
the future as new charges and challenges 
appear. some from deep inside the theory, 
others from novel technologies or experi- 
ments. From astrophysical observations to 
string-theoretical calculations, the history of 
‘our understanding of isnot 
‘yet finished. In the end, that is the greatest 
legacy Einstein has left us, 
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PUBLIC HEALTH 


911.gov 


Bon Shneiderman and Jennifer Preece 


hen individuals need 
\ \ ] help for medical emer- 
sncies or fires, most 


US. residents reach fortheir phones 
to dial 911, But when natural 
disasters, public health threats, 
terrorist attacks occur that effect 
thousands of individuals oF more, 
911 operators cannot handle all 
the requests. Such disasters may 
require massive coordination of 
public and private agencies, plus 
cooperation trom millions of 
citizens, 

Public use of Web-based 
omputing services, such 
as MySpace or Facebook. has 
spread to hundreds of millions of 
users. This suggests that local, 
state, and federal agencies could 
build community response grids (CRGs) 
‘where residents could report incidents in sec~ 
onds, receive emengeney information, and 
request resident-to-resident assistance. The 
current Internet and World Wide Web have 
proven effective for many purposes, but gov- 
emment agencies have been slow to adopt 
social computing for national security, disas- 
ter response, and emergency relief (1) 

ERGs should be more than an emergency 
reporting service as already proposed ( 
They should also be more than the US. 
Department of Homeland Security (DHS) 
Information Network (3) which focuses, like 
some European (4) and Asian (5) initiatives, 
on networking for professionals, CRGS 
‘would not duplicate DHS's CitizenCorps. zo 
which is designed t0 build local volunteer 
groups for emergency response but doesn’t 
include online reporting or resident-to- 

‘Community members (who would register 
in advance) could use Web-based computers. 
mobile devices, and cell phones to give and 
get text messages, photos, oF videos, The site 
‘would support coordination as emerging soft- 
\ware tools could enable ag 


torequests 


ntassistance. 
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911.Gov 
Community Response Grid 


‘A community response grid. Mockup of a World Wide Web page that supports reg 
isterng of households, reporting of incidents, requesting assistance, and responding 


reports and promptly recognize patterns, 
Civie leaders could disseminate information 
‘on a street by street basis. A CRG would be 
most effectiv regular basis so 
that people know about it and develop closer 
community contacts, Such activities would 
build tmustand inerease social capital that will 
be needed during major emengencies. 

‘Some catastrophes destroy infrastructure, 
but in many sit n Mu 
‘chemical and biological attacks, and temp 
ture extremes, do not. Even when there 
focused damage to communications inti 
structure, the adjoining areas need to comm 
nicate to report and receive instructions 
As the Internet matures, its reliability will 
improve, andif disrupted itismore likely to be 
easily restored than phone services (6, 7). 

In the aftermath of Hurricane Katrina, 
focal libraries helped to rebuild neighbor- 
hoods (8). After the Kobe earthquake (9), 
British foot-and-mouth disease outbreak (0). 
and Indonesian tsunami (11), resident collab- 
‘rations, Intemet communications, and com 
munity networks were effective in coordinat- 
ing local assistance, supplies, and information 
dissemination (/2). Aneflectve. regional model 
is Craigslist.com. which has tailored Web 
pages for al $0 US, states and 22 metropoli- 
tan regions. The California Web pages already 
disseminate earthquake and weather informa- 
tion, but have no reporting system, 

Just as 911 emergency phone services are 
run and funded locally by phone service fees, 


is used 


Web-based communication can provide 
better reporting on disasters, coordination 
of responses, dissemination of information, 
and social networking to deliver assistance, 


ERGs could be maintained 
through user fees collected by 
Internet service providers, In 
smaller communities, CRGs 
could be run by trained vol- 
unteers with a few profession- 
als, much as volunteer fire de= 
partments now operate, Local 
SILT phone centers have annual 
‘budgets of $200,000 t0 $3 mil- 
Jion (13). A reasonable esti- 
mate is that adding 91 gov 
services would do no more than 
double these budgets 

There are many challenges 
obe faved. We need to under- 
stand the norms and policies 
that generate intense parti 
pation in groups such as 
the Wikipedia community 
and some health support groups (/4), Many 
‘online communities fail, so we must learn 
what barriers reduce and what incentives 
create successful community interactions 
in which privacy is respected (15), It will 
be important to integrate with existing 
social networking sites and local community 
groups. However, developing a research 
agenda, pilot testing, and phased implemen- 
tation could make CR ity within 3 
15 years 
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PHYSICS 


Two for the Price of One 


‘Andrew J. Schofield 


hase transitions are all around us, 
Preise ter meson 

‘e—changing the temperature drives 
‘matter from one form into another at a chars 
teristic transition temperature, It ean be an 
abrupt change like ice forming, or it can be 
smooth like the growth of magnetism in iron as 
the temperature drops below 770°C. Despite 
the rich variety of such transitions, we have 
known since the 1960s that there is a unifying 
principle that groups together the smooth or 
‘continuous transitions into a small number of 
“university classes” (/), What distinguishes 
between the classesis related to the energy di 
ference between the two phases. This energy 
difference defines a single energy scale that- 
Vanishes as the transition point is reached (that 
is, it becomes easier for one phase to change 
into the other), The particular way this single 
scale vanishesis enough to characterize 
catch universality class of transition, This co 
ceptofa singke enenzy scale was expectedtobe 
valid even for so-called quantum phase transi- 
tions (2, 3), which are induced by changing 
pressure, magnetic field, or composition 
fora material held at absolute zero temper 
ature. However, low-temperature studies by 
Gegenwart etal, on metallic magnet reported 
‘on page 969 of this issue (4) demonstrate a 
serions failure of our understanding, They find 
‘not one, but two energy scales vanishing at a 
«quantum transition, 

‘Quantum phase transitions have moved in 
recent years from mere theoretical curiosities 
subjects of intense experimental and theoretic 
interest. Whereas previously t was thought that 
changes of phase at zero temperature would be 
of litte practical relevance, it his become clear 
that the presence of a quantum critical point at 
ibsolute zero could nevertheless exert a pro- 
found influence on a material at higher temper 
atures. It could, for example, make magnets 
into superconductors (5) and superconductors 
into novel metals (6), Yet the more these transt- 
tions have been studied, the weaker appears our 
conventional framework for understanding 
quantum criticality in metals (7), 

Within this conventional framework, even 
before the transition temperature is reached, 
bubbles of the matter’s new form appear 
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Disentangled critical 


Temperature 


‘Quantum cra point 


Physicists need to come up with theories that 
explain unexpected energy changes during 
‘quantum-phase transitions. 


Entangled critical 


‘ 
1 
' 
' 
' 
1 
' 
' 
\ 


Magnetic field 


Quantum fates. One speculative interpretation of the collapsing energy scales observed around the quan 


{tum critical point is shown schematically. At high tempera 
{ton fluid in a disentangled critical region. On coolin 


, luctuating magnetic spins disrupt the elec~ 
the spins may order to form a magnetic metal 


‘Alternatively, the spins can become locally entangled (25) with the stil fluctuating electron fluid which then, 
ata lower energy scale, is becalmed ta form a heavy electron liquid, Why all these regions should corwerge 


‘on the quantum critical point is the mystery 


‘momentarily, presiging the coming change, 
These fluctuations require energy, but the 
"energy cost” for these fluctuations reduces to 
‘nothing as the wemperature approaches the tran- 
sition temperature. The fluctuations then 
become critical —ever langer in size and longer 
lived—tntil they dominate the physical proper 
ties, These properties tend to be proportional to 
powers of the difference between the tempera 
ture of the material and the transition tempera- 
ture. It is these powers, or critical exponents, 
that characterize the universality classes 

The extension of this theory to quantum 
phase transitions includes the enengy cos of a 
fluctuation caused by Heisenberg’s quantum 
uncertainty principle. This uncertainty keeps 
quantum matter in constant motion even at 
absolute zeroand can become so vigorous that 
itdrives the melting of one form of order into 
another. At first glance, it appears that this is 
‘what is happening in the compound studied by 
Gegenwart and co-workers. YbRh,Si, isa del- 
icate antiferromagnet where the electron spins 
arrange themselves in an ordered alternating 
pattern, but applying a small magnetic field 
enhances the quantum agitation of the spins 


‘until magnetism is destroyed completely atthe 
quantum critical point ( 

Yet despite being an ideal candidate for 
sdemonsirating this theory the material studied 
by Gegemwar etal. isone of growing number 
that sem to Hie outside this established frame 
‘work, Previous bad actors (9, 10) have revealed 
themselves diseretely through unusual combi= 
nations of critical exponents that don't quite fi 
with the theory. YBRh,Si, does this and more, 
Inadkition to strange power laws, Gegenwart et 
al, sceabnupt changes in physical properties all 
of which emanate from the quantum eritical 
point in a manner quite distinct from the mag- 
netic ordering transition. The changes define & 
new energy scale diffe 
‘magnetic fluctuations, yet similar to it in van= 
ishing the quantum critical point. Ths tells us 
that the transitory appearance of bubbles of 
‘ascent orders not the only important physical 
process occurring tthe critical point and that 
theory that includes only fluctuating order will 
never be enough to characterize these transi- 
tions. They must therefore lie outside the uni= 
versality classes we have known to date and 
require a new physical ingredient, 
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A number of recent theoretical sug 
might point to what we have missed. The 
retical work on insulating two-dimensional 
‘magnets has shown (//) that under certain 
circumstances, yet to be realized in a real 
‘material but nevertheless entirely plausible, 
excitations appear at the eritieal point that 
bear no resemblance tothe fluctuations in the 
ordered phases. Extending this idea to the 
‘metal might suggest that it isthe break-up of 
the electron itself that isbeing reflected in this 
new energy scale (12) 

Alternatively, this new energy scale could 
be a reflection of the unusual nature of the 
met YbRh,Si,. which isa mixture 
‘of magnetic atoms like ytterbium bathed in 3 


ns 


state 


spins in materials like these has long been 
Known to lie in the balance between two 
extremes (13). Either the spins form an 
ordered magnetic state, leaving the conduc- 
tion electrons alone, or the spins and conduc 
tion electrons can fuse to create a metallic 
state of apparently heavy electrons. Usually it 
is assumed that this second process happens 


and is followed by a weak magnetization of 


the resultant metal. These experiments could 
jggest that the quantum critical point is not 
Primarily about magnetic order at all but 
rather is a transition between these two differ 
ent fates of the spins (/4) (see the figure). 
‘Whatever the underlying cause, 
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ANTHROPOLOGY 
Some Like It Hot 
‘Sandra Knapp 


ine some of the gre 
( sines—such as Indian, Th 
and Korean—without chili peppers? 
This fiery spice has become an in 
cooking and cult r 
Chili peppers (Capsicum) come from the 
Americas and were introduced to places such 
as India and Thailand after Europeans 
explored the New World in the 15th century. 
On page 986 of this issue, Perry ef al. (1) 
shed light on when and where chili peppers 
were first cultivated, Data from studies of 
this kind may also have potential use in the 
nalysis of human transport and spread of 
invasive species 
‘Capsicum is. genus comprising about 25 
species (2). Its member ofthe plant family 
Solanaceae, which contains other econom 
cally important plants such as the potato, the 
tomato, and tobacco, Brazil is the center of 
species diversity for Capsiewm, but many 
species are also found in the Andes. Humans 
have domesticated and today cultivate five 
species of Capsicum, al for their spicy favor 
that comes from the long-chain amide cap- 
sacin, Some varieties ofthe cultivated species 
(such as bell peppers) lack high quantities of 
capsaicin, bu the sensation of hotness and the 
‘endorphin rush” induced by eating chilis 
largely account for their universal appeal. 
Capsaicin isa specialized metabolite that 
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is produced in the fruits of some Capsicum 
species asa deterrent 10 seed predators. Great 
variation in capsaicin content has been intro- 
duced through plant breeding into cultivated 
species of peppers, but wikl species of 
Capsicum also have hot and mild forms (3), 
Humans first exploited this metabolite in 
the Americas, and European explorers and 
colonists later transported this and other New 
World plants all ever the world. But exactly 
when and where domestication of peppers 
first occurred have proved difficult to estab 
lish (4), in part due to a lack of macrofossil 
remains for these tropical plants. 

Perry et al. now show that peppers were 

cultivated and in widespread use across the 
Americas 6000 years ago, not only 
sional condiments, but also as components of 
complex and sophisticated diet. The authors 
recovered microfossils of starch grains from 
arinding stones and cooking pots i 
logical sites from the Caribbean, Venezuela, 
and the Andes. They found Capsicim-spe- 
cifie starch grains in association with maize 
and manioc. Their evidence suggests that 
three of the five species of domesticated 
Capsicum were cultivated together in Peru in 
both the coast and the highlands as long as 
4000 years ago. 

As humans moved around all over the face 
of the Earth, they carried with them their 
favorite foods and herbal medicines. Cap- 
sicum is notable in this regard, as it quickly 
became integral to a wide range of Old World 
disciplines, from Indian cutsine to Tibetan 


Studies of novel types of microfossils reveal 
‘new patterns and connections between human 
‘movement and the distribution and movement 
of plant species, both domesticated and wid, 


Diversity explained. These different kinds of 
Capsicum, grown at the University of Wageningen 
(6), illustrate the diversity of shape and color in 
domesticated chili peppers. Perry eto. (2) show that 
peppers have been cultivated across the Americas 
for atleast 6000 years. 


medicine (5), Other members of the Solan- 
aaceae, such as thornapple and tobacco, hi 
also had their native distributions obscured by 
hhuman transport. The scientific name Datura 


‘was given to the thornapples by Linnaeus 

but all species 
of Datura are in fact only native to the 
Americas (6). 


‘What isa native range when humans trans- 
port plants so far from their origins, and alter 
them through selection to suit their own pur- 
poses? Today’s concem aver invasive species 
and their threat to native biodiversity (7) 
highlights the importance of understanding 
how human movements and transport have 
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affected distributions of plants and animals. 
Species of plants introduced fora variety of 
reasons have come to invade ecosystems in 
‘alarming ways: witness Japanese knotweed in 
Britain or kudzu inthe southern United States. 
Domesticated plants have always been taken 
by humans wherever they have traveled and 
are mostly (but not always) unproblematic, 
but these pattems ean be among the most df= 
ficult ofall distributions to unravel, New ways 
‘of studying ancient human use and transport 
‘of plants can contribute to our knowledge of 
the dynamics of introductions, including the 
effects of invasive species 

Perry et al.’ innovative use of starch grains 
from kitchen tools, coupled with their elegant 
Unraveling of the specificity ofthese grains to 
domesticated Cupsicum, reveals more ancient 
cultivation and widespread use of this crop 
plant than previously reported, Italso opens up 
new avenues of research into how the peoples 
‘of the Americas transported and traded plants 
‘of cultural importance. The authors found no 
starch grains of wild species of Capsicum in 


any of the sites they examined, showing that 
domestication of chili peppers had occurred 
long before these sites were occupied and that 
cultivation was routine. Where domestication 
of the five species of Capsicum occurred is 
currently speculative: based on modem distri- 
bution and genetic analysis, C. annuum is 
thought to have been domesticated in Mexico 
‘or northern Central America. C.frtescens it 
the Caribbean, C chinense in Amazonia, C 
‘baceanum in Bolivia, and C- pubescens in the 
southern Andes. C. baceatum and C, pubes- 
ccens are taxonomically distinct, but the other 
three are members of a species complex and 
pethaps not really “wikl” species at all 
‘Humans have, ina very short time, radically 
altered both the characteristics and distribu 
tions of the organisms we value. New data 
types like the starch microfassils discovered 
by Perryctal. have enomouspotentialwhelp in- 
‘vestigate the majectories for domestication, cule 
tivation, and trade in a wide variety of crops 
whose histories have remained difficult 10 
unravel dc to their ack of preservation or their 
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‘tropical origins, Data like these willalso be use- 
ful beyond the study of afew erop plants, They 
hhave the potential to help in efforts to under- 
stand the Links between human transport and 
invasive species, thus contributing to the chal- 
lenge of biodiversity conservation. 
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NEUROSCIENCE 


Where Am I? 


‘André A. Fenton 
us 


he Greek philosopher Her 
| famously observed, “You can never 
step into the same river: for new 
waters are always flowing on to you.” How do 
‘we recognize a place as the same, even when 
itis different? How do brains routinely 
vate the Sime representations in response to 
somewhat different experiences? When is 
experience the same but different, and when 
{sit just plain different 
Neuroscientists are getting closer to ob- 
taining answers by recording the activity of 
‘neurons in the rat hippocampus that signal the 
animal's location, One of these “place cells” 
(only discharges rapidly when the animal is 
ina specific part of the environment corre 
sponding to the cells “firing fiekd.” The col 
lective discharging of place cells allows us to 
predict the rat’s location (2) by, in a sense, 
reading its mind, Knowing a rat's location 
from the activity of its neurons is astonishing 
siven that rats, like people, have no specific 
spatial sense organs analogous to, for exam 


‘The author is in the Department of Physiology and 
Pharmacology, Robert F.Furchgtt Center for Newral ard 
Behavioral Science, State University of New York 
Downstate Medical Center, Brooklyn, NY 11203, USA. 
Email afenton@ downstate ed 


the vista or auditory systems, Somehow 
footid know in wecesbed oy do bac, 
‘On page 961 of this issue, Leutgeb et al. (3) 
provide the latest insight into how spatial 
information is computed and transformed into 
spatial awareness, or knowledge, through dis 
tinct networks of neurons in the hippocampus. 

Leutyeb et al. recorded hippocampal activ- 
ity while rats foraged in seven boxes that sys- 
tematically varied in shape between a circle 
and a square. Similar “morph boxes” were 
previously used by others to record from CA 
(4). the information output region of the hip- 
pocampus, The earlier study found that a rat 
forms distinct neural “representations” (pat- 
terns of activated place cells) when occupying 
either a circular or square box. Neither the 
fields of place cells nor their firing (activity) 
rates are related—that is, there is global 
remapping of neuronal activity inCAI when a 
rat moves between the two different box shape 
‘environments. Moreover, only the cirele orthe 
square neural representation is activated for 
all the morph box shapes: boxes that are more 
circle-like activate the circle representation in 
the hippocampus, whereas square-like boxes 
activate the square representation. The activa- 
tion state changes coherently across CAL 


‘Studies in rats reveal that the key to 
interpreting spatial information—where we are 
‘compared to where we've already been—may 
lie in the hippocampus, 


cells. These findings suggested that the CAL 
region Jumps spatial information into «a 
nories (in this case, circle or square eate~ 
xgories), Thus, a rat perceives itself to by 
‘either a circular or square box and the appro- 
pate spatial memory gets activated by mech- 
anisms with attractor network properties. The 
collective activity ina neural network defines 
its state. An equilibrium state called an attrae= 
tor, skin toa memory (3), Attractor network 
responses to input are analogous toa ball on a 
bumpy surface. The network and the ball 
‘quickly settle into a nearby attractor until the 
inputs change enough to switch attractors, 

In 2005, Leutgeb and colleagues (6) had 
done essentially the same experiment with 
morph boxes, but also recorded from CA3 
the hippocampal region projecting to CAL. 
For unknown reasons, they got a somewha 
different result from the earlier study. Global 
remapping occurred ata particular stage in the 
morph box sequence for only a subset of cells 
‘(lumpers") in both hippocampal regions. 
‘Other neuronal subsets, so-called “splitters.” 
changed by rate remapping—systematically 
increasing or decreasing discharge rates 
‘across the morph sequence while maintaining 
firing field locations (6, 7). The result sug 
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‘Splits and lumps information 
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Wigh-pos iter 


‘Thinking like a rat, Sensory information about a rat's spatial environment (circular oF square box or aninter- 
‘mediate-shape box) feeds into three hippocampal regions ofthe brain (dentate gyrus, CAB, and CA) from 
the neocortex. Spatial information about the nature of the animal's erwironment is encoded in the activity 


patterns of neuron networks in these regions. 


gested that hippocampal activity contains 
information that an environment is both the 


same and diflerent relative to a previously 
experienced and remembered environment. 
But this posed another puzzle: To extract 


‘work must somehow coexist in the two corre 
sponding tractors, This necessitates mecha- 
nisms to sewreyate neuronal activity into the 
appropriate hamper and spliter subgroups (8). 

There is good understanding of how spa- 
tial information is associated and stored in the 
hippocampus (9, 70), buta knowledge system 
must also segregate information and memo- 
ries so that they can be recombined in arbi~ 
trary and useful ways. In the present study. 
Leutyeb et a, repeated the morph box experi- 
‘ment, this time recording from the rat's den- 
tate gyrus and CA3. The dentate gyrus is a 
hippocampal region that projects to CA3 and 
is thought to transform slighty different input 
activity from the neocortex into more dis- 


tinctly different patterns. Leutgeb etal.‘tatest 
recordings provide evidence of two mecha- 
nisms by which the hippocampus segregates 
neuronal activity to assess the sime and differ- 
cent nature of the animal's environment. 

The authors confirm that CA3 place cells 
respond to small deviations in the spatial envi- 
ronment by humping. In other words, the same 
‘neuronal discharge patterns were observed in 
CAG regardless of whether the rat was in a 
morphed or unmorphed circular or square 
box. Langer deviations from either environ- 
‘ment caused rate remapping in CA3. The den- 
tate gyrus was quite different. Single dentate 
granule cells had more firing fields than did 
individual CA3 cells. Granule cells responded 
to small morph deviations in the rat’senviron- 
‘ment by changing both firing rates and firing 
fields unpredictably. Thus, the dentate gyrus 
proves a consummate information splitter and 
the CA3 more of a lumper (see the figure). 
‘Small changes in spatial input information 


caused lange changes in demtate gyrus ouput 
to CA3 but virtually no changes in CA3 out- 
puttoCAl, 

These lumper and splitter behaviors were 
also evident in the temporal dimension of 
processing spatial information. In addition to 
place cell firing rates, the particular subset of 
place cells that do or do not fire together also 
signals the rat's position (4). The likelihood 
that a pair of cells will fie together during a 
short time window is measured by their coae- 
tivity. The difference between the coactivity 
of pairs of dentate gyrus cells grew larger as 
the shape distinction between two boxes 
‘oveupied by the rat increased. The same Was 
true for pairs of dentate gyrus-CA3 cells and 
pairs of cells within CA3, with a surprising 
exception, When a rat was moved between 
two boxes at the extremes of the morph 
sequence, coactivity in CA3 was more simi- 
larthan that observed when the rat repeatedly 
cecupied only a circular or square box. When 
morph box was minimally different from 
the cirele or square, CA3 temporal discharge 
seemed to lump, emphasizing similarity 
between the two environments, whereas 
dentate gyrus discharge seemed to split, 
enhancing the difference 

The second segregation mechanism is 
global remapping in response to large envi~ 
ronmental changes. Dentate gyrus and CA3 
cells also differed. Global remapping in 
CA3 and CAL is characterized by a seem= 
ingly random selection of the active subset 
of cells; some cells turn on and others turn 
off (//). Although dentate gyrus discharge 
{in one environment could not be predicted 
from its activity in another environment, the 
active subset of granule eells was constant, 
The same granule cells were active aeross all 
conditions, including different-sized boxes 
and rooms. 

Beyond these recordings from all three 
major hippocampal subregions, what is 
now needed are rat brain recordings from 
the neocortex during the morph box exper 
iment to characterize the location-specitic 
neocortical inputs to the hippocamputs (/2} 
This will provide a complete description of 
how each connected part of the hippocam- 
pal circuit responds to spatial changes in an 
animal's environment. The fly in the oint- 
ment appears to be the fixed active subset 
of granule cells. Only 2 to 3% of dentate 
gyruscells.are active in conditions (/3) like 
those used by Leutgeb ef af. If spatial 
inputs do not activate the other 97% of the 
dentate gyrus, what does? This is especially 
puzzling because the dentate gyrus gener- 
ates new neurons throughout life and 
this neurogenesis is modulated by learning 
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COMPUTER SCIENCE 
Alas 


Where Are the Exemplars? wae 


sa flood of data pours from scientific thus go directly to Fig, 4 of Frey and Dueck’s (A, B)]. The optimal set of exemplars is the 
and medical experiments, researchers —_reportand find the best summary of their own one for Which the sum of similarities of each 


mtences. But understand its exemplar is maximized. In the 


way of finding representative examples 


methods to organize and analyze it. When method requi more eff sual clustering methods (2), one decides a 
dealing with large, noisy data sets, scientist Such methods start with the construction priori on the number of exemplars, and then 
‘often use a computational method that ofa similarity matrix, a table of numbers that tries to find them by iterative refinement 
for data clusters, In the case of gene expres- establishes the relationship of each data point starting from a random initial choice 

jon with tens sands of sequences, for to every other data point. As we s The method of Frey and Dueck, called 


le, SUB, A) is a num affinity propagation, does not fix the number 
genes with similar patterns of expression. On measures how well the data point A represents of exemplars. Instead, one must choose for 


B [and it isn 


ily equal 1 each point B a number P(B) that characterizes 


page 972 of this issue, Frey and Dueck pro- p 


pose a new method for finding an optimal se 


‘of clusters (/). Their algorithm detects special 


data points called exemplars, and connects 
every data point to the exemplar that best rep- 


resents it, In principle, finding a 


‘of exemplats is a ha 
rithm is able to efficiently and quickly handle 
very large problems (such as grouping 75,000 
DNA segments into 2000 clusters). An analy 


sis that would normally take hundreds 


f 
hours of computer time might now be done in 
1 few minute: 


Detecting exemplars goes bey 


clustering, as the exemplars themselves store 
‘compressed information. An example with a 


instance, take your last scientifie paper (and 
no, I don’t really suggest that itis lange, noi 
data set) and consider each sentence to be a 


data point, The similarity between any two 


entences can be computed with standard 
information theory methods (that is, the simi 
larity increases when the sentences include 


the same words). Knowing the similarities, 


§ description. If you are a hasty reader. you can 

3 The author is at the Centre National de la Recher 

3 ean ne . Caravaggio’s "Vocazione di San Matteo.” ose an exemplar through message passing. The mes 
are exchang rections d ofthe glances, leading to the recognition of San 
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thea priori knowledge of how good point Bis 
as an exemplar. In most eases all points are 
equally suitable, so all the numbers take the 
same value P. This quantity provides a control 
parameter: The larger P. the more exemplars 
‘one is likely to Find, 

‘Affinity propagation is known in computer 
science asa message-passing algorithm (see 
the first figure) and it aims at maximizing the 
net similarity. Its in fact an application of a 
method called “belief propayation.” which 
‘was invented at leat ti in communi- 


, 


Lad 
Ba Faces in a crowd. Exemplar (highlighted 


by colored bores) have been detected from, 
a group ol faces by affinity propagation. 
(Onset) A similarity matrix fora set of faces. 


cation theory (3), where itis now at 
the heart of the best error correction 
procedures. and later in the study of 
inference problems (4) 

Message passing can be under 
stood by taking an anthropomorphic 
viewpoint. Imagine you are a data 
point. You want to find an exemplar 
that is the most similar to yourself, but 
‘your choice is constrained. If you 
choose some other point A as an 
exemplar, then A must also decide to 
be its own exemplar. This ereates one 

constraint per data point, establishing a large 
network of constraints that must all be satis- 
fied. When the net similarity is maximized 
with all constraints satisfied, the set of actual 
exemplars emerges. 

‘Now imagine that next to each point stands 
‘ guardian angel telling whether someone else 
has chosen that point as an exemplar or not. 
An approximate solution of the complicated 
‘web of conflicting constraints is obtained by 
having all of these characters talk to each 
other. Ata given time. all angels send mes- 


‘siges wo all points, and all points answer to all 
angels. One data point tells the angel of every 
other point his ranked fist of favorite exem- 
plars. An angel tells every other point the 
degree of compatibility of his list with the 
angel's constraints. Every sent message is 
evaluated through a simple computation on 
the basis of the received messages and the 
similarity matrix. After several message-pass- 
ing rounds, all the characters reach an agree~ 
‘ment and every point knows its exemplar, In 
practice, the running time of this algorithm 
scales linearly with the number of similarities, 

Asan example, affinity propagation can be 
a powerful method to extract representative 
faces from a gallery of images (see the second 
figure), The input isa list of numerical simi- 
larities between pairs of data points, which 
may be measured, computed using & model, 
or, in the present example, set by visual 
inspection (missing similarity values indi- 
cated with question marks are accepted by the 
algorithm). Each face is a data point that 
exchanges messages with all other faces and 
their guardian angels, After few iterations 
of message passing, # global agreement is 
reached on the set of exemplars 

‘Such message-passing methods have been 
shown to be remarkably efficient in many 
hard problems that include error correction, 
earning in neural networks, computer vision, 
and determining the satisfiability of logical 
formulas. In many eases they are the best 
available algorithms, and this new application 
tocluster analysis looks very powerful. Under- 
standing their limits is main open challenge, 
At the lowest level this means controlling the 
convergence properties or the quality of the 
approximate solutions that they find. A more 
ambitious goal isto characterize the problems 
‘where they can be useful. The concepts and 
methods developed in statistical physics 
to study collective behavior offer the most 
promising perspective in this respect, In 
physics terms, belief propagation (and 
therefore affinity propagation) is a mean 
field-type method (5), That is, the complex. 
interaction of a given object (a data point) 
‘with all of the others is approximated by an 
average effective interaction, Although thi 
‘works well in most cases, it may get into trou 
ble when the system getsclose toa phase tran 
sition (6), where some correlations become 
extremely long-ranged. The appropriate mod- 
ification, which requires using more sophisti- 
cated messages, has been Worked out in some 
special cases (7), but again its full range of 
applicability is still be found, 

‘Along with its pedagogical virtue, the 
anthropomorphic explanation of messaze 
passing also underlines its main features. This 
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can find an excellent approximate 
solution to some of the most difficult compu- 
tational problems with a very simple recipe: 
Ttuses basic messages which are exchanged in 
a distributed system, together with simple 
update rules that are purely local. This realizes 
in practice a new scheme of computation, 
based on distributed simple elements that 
‘operate in parallel, inthe spirit of neurocom- 
Putation. One might expect to find that some 
Of its principles are at work in living organ- 


isms or social systems. Each new successfil 
application of message passing, such as affin- 
ity propagation, thus adds to our understand- 
ing of complex systems, 
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GEOLOGY 


On the Origins of Granites 


John M. Eiler 


cology spent the 19th and much of the 
G" ‘century fighting a scientific ivil 

War over the origin of granites—the 
coarsely crystalline, feldsparcrich rocks that 
make such excellent building stones and 
kitchen counters, The ultimate lasers (/) hel 
that granites precipitated from aqueous fluids 
that percolate through the crust, or formed by 
reaction of preexisting rocks with such fluids: 
the winners (2) recognized that granites erys- 
tallized from silicate melts, 

Yet, the resolution ofthis argument led to 
Various others that remain almost as divisive, 
‘Ate the silicate melts that ive rise 1 granites 
partial melts of preexisting rocks in the conti- 
nental crust, oF are they instead the residues of 
erystallizing mantle-derived basalts, analo- 
ous to the brine that is left when ice freezes 
out of salty water? If granites form by enustal 
‘melting, do they come from the sediment-rich 
upper erust or from preexisting igneous rocks 
that dominate the lower erust? On page 980 
of this issue, Kemp et al. (3) examine these 
‘questions through the lens of two of the 
newest analytical tools developed for the 

§ earth sciences 

Clearanswersto the above questions 

fe been found previously for some 


3 hi 


granites are melts of deep-crustal igneous 
rocks (hence the “I” for igneous) (4, 6). A 
minority dissenting view suggests that they 
are instead largely mantle-derived and only 
‘modified by passage through the crust (7), 
The stakes in this argument are high: 

[type granites (or their metamorphosed or 
ives) make upa lange fraction of 
the continental crust. Therefore, our thoughts 


reganding their origins are key to understand 
ing the mechanisms by which the continents 


Granites make up a large part of the continental 
‘rust, New data reveal their complex and 
diverse formation history, calling fora revision 
‘of the geological histories of many granites, 


«ifferentiate from the rest ofthe silicate earth, 
and the consequences of that differentiation 
for the composition of the mantle, If l-type 
szranites are descended from basalts then their 
formation represents net growth of the conti> 
nents and net removal from the mantle of ele- 
‘ments that are highly concentrated in the crust 
(such as the heat-producing radioactive iso- 
topes, #K and 8U). If instead, they form by 
‘melting preexisting crustal rocks, they repre= 
sent a mechanism by which the continents 
intemally redistribute their various sedimen- 
tary and igneous constituents. 

‘One reason the origin of granite is such 
difficult problem is that these rocks ean 
extremely complicated (see the figure) (¥), 
IY ane compared of minerals that represent 
‘only a component of the melts from which they 
formed: some are mixtures of minerals that 
grew from different melts; some contain 
lunmelted remnants of their sources: an ind 
‘vidual minerals often have het- 
erogenous chemical andl iso 
compositions, reflecting 
-volution of their parental 


the 
magmas over the course of 


Kemp ef al. (3) examine 


cil 


The suspect. Images of Hype granites resembling those 

examined by Kemp et a. The aerial photograph (main 

‘imaged shows the San Jose pluton (solid curve), an I4ype 

tonalite or subtype of granite. Such plutons commonly form 
Ielometer-scale bodies intruded into rocks of the upper crust Kemp eta 
‘sugges that assimilation of enveloping rocks influences the compositions of 
such bodies. The insets show a specimen of a similar tonalite from the 
Chihuahua Valley, California. The visible light photograph (right inset) 
‘reveals dark lats of amphibole and hexagonal crystals of biotite embedded 
{na white matrix of interlocking feldspar and quartz. The transmitted ight, 


extreme types of granite. There is little 
debate that upper-crustal sediments are 
the sources of S-type granites (4) (where “S” 
stands for sediment) and that mantle-derived 


@ basalts give rise to M-type granites (5) (°M™ 
a 
2 


the origin and evolution of 
[type granites from the Lach- 
Jan belt in Australia, Their 
work dranvs on several recent 
microanalytical innovations, 
including high-precision, in 
situ measurements of oxygen 
isotope ratios with a. lange 
radiuis ion microprobe and in 
sity measurements of hafnium, 
topes using laser ablation 
joined with an inductively 
‘coupled plasma mass spec~ 


for mantle). However, members of a third 
‘class—the I-type (4)—are abundant, widely 
distributed, and diverse, and their origins are 
fo fr grabs. popular view holds that these 


photomicrograph (left ised shows twining, compositional zoning, ove 
‘growths, and inclusions in plagioclase (complex ight and dark pattern), 
adjacent to a cystal of amphibole (bron). The mizo-analytical techniques 
employed by Kempet lam to avoid atts that aise rom mixing diter- 
en components ofthese compositionally nd textally comple oc, 
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trometer. Sediments and weathered or hydro- 
thermally altered rocks in the shallow crust 
have oxy gen isotope compositions that differ 
strongly from those of the mantle and of deep- 
crustal igneous rocks. Hafnium isotopes 
evolve through time due to production of "HF 
from radioactive decay of "Lu and generally 
differ strongly between the mantle (high in 
LwHF ratio and thus relatively "*HErich) and 
ancient crust (low in LwHF ratio and thus 
relatively "HE-poor). Together, these geo- 
chemical systems can measure the proportions 
of recent mantle extracts versus ancient crust 
and the amounts of shallow, sedimenterich 
crust versus deep, largely igneous erust in the 
sourees of granites. 

Kemp et al. make their oxygen and 
hafnium isotope measurements on zircon, 3 
trace mineral common to most granites, 
Zircon has long been used to determine the 
crystallization ages of granites, and is inereas- 
ingly used to constrain the compositions of 
their sources (9), Kemp et af, show that the 
‘oxygen and hafnium isotope compositions of 
Zireons in Lachlan L-type granites correlate 
‘with one another over a wide range, from 
compositions characteristic of the mantle to 
those characteristic of upper-crustal sedi- 
‘ments, These trends suggest that I-type gran- 
ites form by mixing of differentiated mantle 
‘melts with melts of the upper crust. Thus, they 
represent both net crustal growth (and eo 
sponding mantle depletion) and redistribution 
‘of existing parts of the continental crust, 


The results reported by Kemp etal present a 
powerful ease that we mustrethink the most pop- 
ular explanation ofthe origins of F-rype granites 
(4.6) and recognize that Ltype graniies are close 
relatives of both the M- and the S-type granites 
(7) rather than distant cousins (4.6). These con- 
clusions will force revisions of the geological 
histories ofthe many places where such granites 
are found. Kemp etal. also suggest that common 
Hiype granites represent net crustal growth and 
thus should factor more extensively into esti- 
mates of the rate and mechanisms of Earth's 
chemical differentiation. More generally the 
authors expose the complex. multicomponent 
origin of granites and argue forcefully against 
the rigid eitheror approach most earth scientists 
have taken to granite classification, 

Kemp ef al.’ argument that the Lachlan 
L-type granite suite is derived from partial 
melts ofthe mantle depends critically on thei 
interpretation of the major element composi- 
tions of the most primitive members of that 
suite, These rocks are broadly basaltic, sti~ 
esting that they are partial melts of peridotite 
(the dominant mantle rock type). However, 
these compositions might also be formed by 
high-degree melting of preexisting igneous 
rocks in the lower continental crust (0). This 
alternative scenario is more consistent with 
common interpretations of the origins of I~ 
type granites (4. 6). This question could be re 
solved more conclusively with geochemical 
‘measurements that are sensitive to the time at 
which crust is first extracted from the mantle 


(for example, osmium isotopes). 
Kemp et al’s model suggests that portions 
of the continental crust that are rich in I~ 
type granites should evolve in composition 
through time: The degree of mehing of the 
sediment-rich upper crust should increase, 
and the crust asa whole should become pro- 
ssressively richer in juvenile, mantle-derived 
‘material. This prediction could be tested with 
larger-scale studies using the same methods as 
Kemp et al. Such work would be an attractive 
next step in one of geology’s oldest debates. 


Relerences 

1 A.G Wess, in Short Costin and Description of 
"he Various rocks, A.M. Oxon Ed (Hae, New York, 
1979, pp. 30-98, 

2. |. Hatlo, Stem of the Earth, 1785. teory ofthe Earth 
1788. Observation on Coane, 179, Together with 
Ploy’ Biograpyof Huon Has, Dain, CT 1970, 

2. ALLS. Kempe ol, Science 335, 980 (2007) 

4. ALLA White 1. Choppet, Geo Soc. Am. Mem. 159, 
21090), 

S.-M. Pei H, uenes, | Lamrence Way, 
Con ie. Peta. 73,64 (190) 

6 AL. R.white 8. W.chappel tony 43, 701977, 

7. CM Gay, orth Plane Sc Let. 7,47 984). 

& A Casio, Morenovens|D. Olas arth SR. 
32,237 (1090. 

9 LAL haem tad at 
Planet Sl Let 126, 187 

tc Cpe | 5 ano, 

Trans R So. Edinburgh: Earth Sc 98,125 (2008 

‘thank. Mama an 1 iver for use ofthe photo: 

negative used o generate the main age an LT. Sve 

for we ofthe hand specimens and thin sections ued to 

Create theists ao thank LT. Sive fr his guidance 

sd advice in wtng this article 


20,1126sonce. 1138065, 


BIOMEDICINE 


Every Joint Has a 


Gary S.Firestein 


rheumatoid arthritis. simple tasks of 

daily life such as tying shoes and elimb- 
ing steps are painful and perhaps even impos 
sible, Symptoms range from sore, stiff joints 
to chest pain or shortness of breath from 
inflammation around the heart and lungs, The 
myriad of problems result from an immune 
system that has become confused and attacks 
normal tissues. Despite new treatments for 
rheumatoid arthritis that focus on controlling 
overactive immunity, joint destruction and 
disability progress in many patients. In fact, 


F: rmillions of patients that suffer from 
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Silver Lining 


the response rates to these approachesare sur- 
prisingly similar, even though they tanzet dis- 
tinct routes to the disease, such as hormone 
like molecules of distinct immune cell types, 
‘emphasizing the complexity of the condition 
‘On page 1006 of this issue, Lee and col- 
leagues (1) propose an alternative therapeutic 
approach that targets a cell not generally 
considered part of the body's immune arse- 
nal but is unique to the joint—the fibroblast- 
like synoviocyte. 

‘Susceptibility to rheumatoid arthritis is 
‘caused by both genetic and environmental 
components. Patients with genetically pro- 
grammed immune hyperactivity often pro- 
duce rheumatoid factors—autoantibodies 
that bind to normal antibodies—sometimes 
‘years before the onset of clinical disease. 


Therapy directed at a nonimmune cell that 
{s unique to joints could suppress rheumatoid 
arthritis. 


Production of anti-citrullinated peptide anti- 
bodies is another early disease hallmark, 
Little isknown about how the preclinical state 
‘evolves to the full-blown disease, although 
stochastic events such as repeated activation 
‘of innate immunity might contribute (2). 

‘The synovium, or lining of the joint, pro- 
vides nutrients to cartilage and produces 
lubricants to facilitate movement (see the fi 
ure). It normally includes a relatively acellu- 
lar sublining layer that is sparsely populated 
by connective tissue cells and immune cells 
{mononuclear lymphocytes) and a thin dis- 
continous intimal lining composed of cells 
that resemble macrophages of the immune 
system and fibroblast-like synoviocytes, In 
rheumatoid arthritis, the intimal Lining is 
hyperplastic, exhibiting marked increase in 
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both cell types. The rheumatoid sublining is 
often heavily infiltrated with mononuclear 
lymphocytes including CD4"T cells, CD20" 
B cells, macrophages, and antibody-secreting 
plasma cells. Macrophage-like cells in 
the intimal lining express many of the pro- 
inflammatory eytokines that contribute to the 
disease. Synoviocytes produce prodigious 
‘amounts of proteases, prostaglandins, and 
ccettain cytokines (most notably interleukin-6) 
that also perpetuate inflammation, 

Unlike synovioeytes in a healthy joint, 
those in rheumatoid arthritis are invasive and 
aggressive, reminiscent of transformed (malig- 
nant) cells (3), For instance, they express many 
proto-oncogenes characteristic of tumors, can 
proliferate without adhering to a substrate, andl 
‘can escape growth inhibition that contact with 
‘other cells normally imparts. When synovio- 
eyteshave been implanted with human cartilage 
into mice that lack an adaptive immune system 
{and therefore cannot reject the human cells). 
synoviocytes isolated from rheumatoid arthritis 
patients invade the implanted cartilage whereas 
normal synovioeytes do not (4). This process 
‘occurs even though the syneviocytes have not 
been exposed to proinflammatory rheumatoid 
synovial cytokines or cells of the adaptive 
immune systems for many months while they 
suurvive in the now 

The pathogenesis of this unusual aggres- 
sive behavior by synoviveytes is not well- 
defined, but it could simply representa normal 
response 10 the rich theumatoid cytokine 
‘environment, On the other hand, permanent 
imprinting in response to the genotoxic envi- 
ronment of the rheumatoid synovium might 
saceount for this behavior —that is, events such 
as somatic mutationsand oncogene expression 
‘could permanently alter cell behavior. Such 
genetic changes in synovioeytes are reflected 
by dysregtilated modification of proteins (such 
ats sumoylation), defective apoptosis. and mu 
tations of the p$3 tumor suppressor gene (5), 
Abnormal regulation of genes that regulate 
cell survival, such as PTEN and senirin (6), 
‘ight also contribute, However. in sheumatoid 
arthritis, synoviocytes are not truly trans- 
formed: they ultimately senesce when grown 
in culture and do not behave like malignant 
cells in vivo by metastasizing to other organs. 

Despite these observations, investigators 

«¢ have been unable to assess synovioeytes as a 

therapeutic target in rheumatoid arth 

© because no agents have been available to target 
thiscelltype, An opportunity arose with the the 
identification of eadherin-I | asa key adhesion 
molecule that regulates formation of the syn- 

| cattongeed inctoo olny 0) 

Bsa etm colremes ime evel ceo 
methods o validate synoviocytes asa target in 


Rheumatoid arthritis. Synovicytes, which express 
Cadherin-11, comprise an inner membrane that ines 
the smovial cavity of pints (top. When activated by 
«tokines, lymphocytes, and environmental steses 
(Guch as reactive oxygen species and nitrogen, they 
perpetuate disease by producing proinflammatory 
mediators and by invading cartilage (middle, bot- 
tom) Therapy directed at cadhern-11 could interrupt 
this cascade by bochng syovioyte function. 


an animal model of arthritis, including eneti- 
cally modified mice that lack the gene encod- 
ing cadherin-I1, eadherin-I | -specific anti- 
bodies, and a cadherin-11 fusion protein, In 
‘each case, they showy that synovial inflamma 
tion is suppressed by blocking cadherin-11 
function. Cartilage destruction, but less so 
bone erosion, was also reduced in mice treated 
“with the antibody or the fusion protein. thereby 
confirming the seminal role of synoviocytes in 
the former. These data are supported by in vitro 
studies showing that cadherin-11 facilitates 
synoviocyte invasion into cartilage-like extra- 
cellular matrix in an in vitro model 

Animal models are not the same as human 
sheumatoid arthritis, and the applicability of 
cadherin-1 |-targeted therapy to this disease 
still needs to be evaluated. Furthermore. itis 
not clear Which synoviocyte functions might 
be linked to therapeutic benefit. One interest- 
ing observation is that preventive protocols 
are somewhat more effective than treating 
mice that are already afflicted with arthritis, 
Because the particular arthritis model used by 


PERSPECTIVES I 


the authors requires precise localization of 
autoantibodies inthe joint as well as activation 
of synovial innate immunity (e.., proinflam- 
‘matory mast cells), disrupting normal syn- 
ovial architecture by interfering with cad- 
herin-11 might block events that initiate the 
disease (8). The effect of cadherin-1 I-based 
therapy in established disease, however, could 
involve other complex mechanisms such as 
suppressing interleukin-6 production or 
metalloprotcinase expression by synoviocytes 
‘orby direct effects on synoviocyte invasiveness 

Distinguishing between these possibilities 
will require additional work in animal models 
that reflect other pathogenic Features of theuma- 
‘oid arthntis besides autoantibody localization 
to joints. It will also be important to determine 
the fate of synovioeytes in cadherin-1 based 
treatment protocols. Dothey undenzo apoptosis, 
migrate out ofthe joint, or simply deactivate? 

‘Another consideration is that synoviocytes 
in marine arthritis models do not display many 
of the unique aggressive features of rheuma 
told synoviocytes. They are generally not 
imprinted and rapidly deactivate when cul- 
‘ured in vitro, This portends well forthe poten 
 cadherin-1 |-tangeted therapy 
in humans because of the possible added bene 
fit gained by blocking the more aggressive 
rheumatoid synovioeyte phenotype that is not 
a feature of short-term aninial models. 

‘One challenge in rheumatoid arthritis is that 
‘complete remissions from the available tar= 
xgeted therapies oecur in only a minority of 
patients, Using a series of individual biological 
agents that target different cell lineages 
(B cells, T cells) or proinflammatory cytokines 
(tumorneerasisfictor) has improved outcomes 
and decreased the number of patients with 
‘uncontrolled disease, Combination therapy, 
however hasbeen fraught with problemsducto 
suppressed host defense without additional 
clinical benefit. One intriguing possibility for 
ccadherin-{ 1-<irected therapy is that the effects 
‘on adaptive immunity will probably be mini 
‘mal. Hence, combination of an agent that inter- 
{eres with immune function along with another 
that targets synoviocytes might achieve the eli- 
sive goals of safety andl synergy. 
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Applications of Modern Ferroelectrics 


1. F. Scott 


Long viewed as a topic in classical physics, feroelectricty can be described by a quantum 
mechanical ab initio theory. Thin-ilm nanoscale device structures integrated onto Si chips have 
made inroads into the semiconductor industry. Recent prototype applications include ultrafast 
switching, cheap room-temperature magneticfeld detectors, piezoelectric nanotubes for 
microfluidic systems, electrocatoric coolers for computers, phased-array radar, and three 
«dimensional trenched capacitors for dynamic random access memories. Terabit-per-square-inch 


ferroelectric a 


ys of lead zirconate titanate have been reported on Pt nanowire interconnects and 


nanorings with S-nanometer diameters, Finally, electron emission from ferroelectrics yields cheap, 
high-power microwave devices and miniature x-ray and neutron sources. 


rom their discovery by Valasck in 1920 
Frise tt hres wa 
demic curiosities, of lithe application o¢ 
terest, mostly. water-soluble and 
They wereal hydrogen bonded and were 
thought to be essential for femoekectrcity. During 
the war years. this changed upon the discovery of 
the robust ferroeketric oxike BaTiO, (7), whose 
structural simplicity encourages theoretical work 
and whose physical propertis stimulate en 
nating devices; thus, ferrvcketic axides. be 
‘came an “ekstronic ceramics” industry Billions 
of BaTiO “condensers” ae sill made annually, 
‘a cos of es than one cent per capacitor, even 
cluding expensive Agi electro 
Before 1970, the most exciting chal 
ferroelectrics was modeling erwelectic phase 
transitions (2) and discovering new ones. There 
fe now 700 ferocleetic materials, many of 
Which are neither hydrogen bonded nor oxides, 
such as GeTe, SAI of SOSI(3, 4), Because 
the high cost of single exystas, devices: were 
Timited to bulk ceramies. These w 
successful for actuators and piezoekctri trans 
ducers as well as for pyrocketrc detetors. The 
application to sonar was especially well fundest 
The focus change afer 1984, when thin 
ferroelectrics were developed and first inte 
ino semiconductor chips (5) In 1994, 9 feo 
clcetric bypass capacitor for 2.3-Gtlz operat 
mobile digital telephones won the Japan 
Electronic Industry “Product of the Year” award, 
\With 6 million chips per month in production. The 
polarization o I emocectre is reversed 
SOkViem. Ina 
m bulk device, this i a SkV volage un- 
suitable fora mobile telephone; however, for sub 
micrometer films itis <3 
wo. most silicon chips 
inowrated ferroelectrics” thatthe renaissance of 
fertomaterials occured. The fist Review in 
Science of integrated ferroclectics (5) was pul 
Tished in 1989, and the frst text on ferroelectric 
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memories (6) was published in 2000 and thon 
transfatd into Japanese (2003) andl Chinese (2004), 
reflecting the locations of greatest quent activity 
Femetricity & now tated by a quartum mech: 
anical Beny-phase femalisme such an ab initio 
approach is compatible with magnetic calculations 
in the same matcras, stimulating a renaissance in 
magnetcelcctnc materials that are simultancously 
‘eromagnetic and ferwoelcetric (7,8) 

There are several directions for fenoeloctics 
rescarch: substrate interfaces and high strain 
states finite sie flocs, nanotubes ann! nanowires, 
‘cketrocalorie devices, ferococtic random access 
memorics (FeRAMs), dynamic random access 
memory (DRAM) capacitors, electron emiters, 
weak magnetic fick! sensors, magnctocketics, 
and self-assembly, Ferockectric liquid crystals 
(anectic thin films) probably have a more mature 
‘commercial product line (sputial ight modulstors 
and video camera view-finders) but are not 
neluded in tis Review. 

A ferroelgctsic is. generally defined as a 
material whose intrinsic lattice polarization P? 
‘can be reversed through the application of an 
extemal electric field & that & greater than the 
coerive fick! &. Ferroelkctrics usually have a 
phase-transition temperature To above which 
they are paracketric, but some do not (they melt 
fia) All ferroclectrics are also pyroeksetric, and 
all pyroelcetris are picaoctectric. (The reverse is 
not true: Pyrocketric ZnO is not ferrocketric:) 
Hens, ferroelectrics cannot have a center of 
symmetry nor can they be glasses. In their 
paricketne phase, some are centmsymmetic 
(BaTiOs) and some are not (KH:PO,). Most 
ferroelectric families ane not oxides, though these 
are most studiod because of their robustness and 
practical applications. Not all solids with elect 
cal hystewsis are ferockeetrc: Electrets have an 
extrinsic hysteresis due 10 mobile charged 
defects, and pa-junctions ako exhibit hysteresis. 
Measuring polarization P is often contaminated 
With artiets: For perfectly insulating capacitors, 
apply E and measure switched change Q = 2P4, 
Where P is polarization and is electrode area 
However. in semiconducting or lossy dielectrics 
Q = GA td + 2PA, where 6 is conductivity, ris 


time, and "is voltage across thickness d. Real 
change is injected. Losses result in a cigar-shaped 
Joop that is unrelated to ferroelecticity. Akhough 
‘one Jooks for flat, saturated hysteresis curves, 
these can be artifacts also, resulting from 
saturated amplifiers. dP’ in a hysteresis curve 
cannot be perfectly flat; that would imply an 
unphysical dielectric constant of zero. 


Ferroelectric Nanostructures 
There are two research and development (RAED) 
‘ust in nanofemclctis. Firs are thee physical 
icnomena such as crystallographic phases or 
domain structures that are stable only at these 
sizes? Sooond, ate the nanoscale device proper 
<qualiativey diffrent? One might examine feo 
cfocric quantum dss axl confinement ener, 
sircctclstton tunneling, unusual phases resting 
fom subsrateincrice strain and transport popes 
ties of semioondacting ervelctic, Typical oxide 
feroeletics ae wise-gap semiconductors with 
3.$to4.1 eVand both cect 
nduction, Most are p-type as grown, 
iis are Low (0.1 0 30 em? Ves 
ities (C384 Oxygen vacancies) are 
10? em?Ves: and elective masses are 
Dig (on* = 5,0 0 6.7 me). Leal zinconitetitan 
(PZ1), strontium bismuth tantalate (SBT), and 
bismuth titanate (BIT) are switching-device fi 
Vorites (9), an barium strontium itanate (BST) is 
wed for nonswitching applications 

Exactly 0 yeas ago, Kite published a paper 
(Jo) showing that 180° magnetic domains exhibit 
stripe widths w that are sroportional 1 the square 
suo of the crystal thickness dw? ad, where a 
expresses balance between domain wall enensy 
and surface energy. More recently, Catalan et af. 
(Zand Lukyanchuk er al. 12) have shown that 
ww? auf, where Ts the dosnain wall hi 
and a = {22 21M) [xevx00) 
bet=x09]!2, where 0x12) are the suscep- 
Aibilties and $(3) is the Riemann zeta function 
cof power 3, This dimensionless equation is un 
vera applying equally wo magnets and Kero 
lectries (Fig. 1A). 

The Kay-Dunn Law similarly describes the 
cocreive field Ee = Inf? and coercive voltage 
¥, = bd*?. Both of these laws hold from mac- 
rwscopic millimeter thickness d down to about 
2 nm. Thus, surprisingly, much of the behavior of 
nanofermcketric domains ean be derived fiom 
talk classical physics. Domains are usually 
stud in lat planes, but some three-dimensional 
GD) nanoxiomains are shown in Fig. 1B, Domain 
sswiehing in submicrometer ferrocketries is rate- 
Timited by nucleation rather than by domain wall 
velocities, unlike bulk, and cant be <280 ps. 

Figure 1, C and D, shows nanostructures in 
thi s: Figure 1C shows nanotubes 
ID shows a 03 terbivineh? (Thin?) 
ranoarray of PL nanowires per PZT (1 Thin® 
1600 TWn?), In Fig. 2, more complex ano- 
device structures are shown: Figure 2A is a 
‘magnetoelectric composite clectron micrograph 
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(13), and Fig. 2B shows nanowriting of pattems 
wi an atomic force mizroseony (AFND tip (1. 
‘Terabit fermelectric memories are not qu 
reality: the state-of-the-art hard-wired devive isa 
0.3 Thin? PZT array (/5) on Pt_nanowines 
encased in ALOs, 
registered 30-nm-diameter capacitors switch a 

able 2000 ekectons per bit, and fully 


istered alunina pores are available, Figure 2 


These un- 


shows nuanoferrocleetrics fabricated as compos: 
2A), from AFM writing (Fig. 
focused ion beam (FIB) (Fig. 2, C and 
1D), Scientists in Belfast have fabricated compli 

16) Flb-cwt 


2B) and 


cated 3D nanostructures, inclu 
us (Fig. 2C), and a $ 

inside-diameter PZT nanoring (Fig. 2D), soluto 
deposited within a pore of mesoporous Si (17), 
A), one can 


five-standing micro 


Using synchrotron sources (Fig. 
stuay the domain structure of such very thin films, 
The 2004 32-megabit (Mb) FeRAMs from 
Samsung (PZT) oF Matsushita (SBT) awe sill 
ahead of the commercial magnetic 
random access memory (MRAM) 
development (Mb MRAM. fron 
Freescale CO, July 2006), an Sam. 
sung now has a 64-Mb FeRAM. A. 
more advanced ferrocleetric-gate 
field-cffvet wansistor (FET) offers 


nondestructive vad operation, but 


short retention times have thus far 
precluded commercial products, 
Symetrix and Matsushita Elec 
tronies Corporation (MEC) have 
produced SBT FeRAMs with break: 
down of LS MV/cm for the semi 
conductor 48-nm node (DRAM 
hal-pitch; 2010 target). FeRAMs 
are produced at 25,000 on each 
Reinch Si water, with 6 million per 
‘month shipped fr applications such 
as Japanese Railroad fire 
‘cards. Ramtron 
0.3S-am strapecell PZT desig 
h 
SBT thin-film integrate ferweke 
tries (1 billion, ineluding 
ing BSTon-GaAs capacitors) and is 
at 0,134m stacked: 4-levelmetal 
The Symetrix S-ns access 


smart 
nd Fujitsu are 

MEC 
produced! $00 million units 0 


time “Trinion” eell is the first non: 
volatile cache memory, On 1S De 
cember 2006, Fujitsu. announced 
production of a Mn-do 


memory fir the 6 


Self-Patterning 
The two basic ways of fabricatn 


nanoferroelectric devices. are 


top 
down” (submicrometer lithography) 
and 

The development of mesoporous 
Si, AlOs, GaN, 

presented experimentalsts with tem. 
plates for the later, and other tech- 


‘hottom up (selFassembly) 


and GaAs has 


niques for coating nanowires have 


wewsciencemag.org 


developed. Self-assembly of nanoelectrodes on 
ferroelectric films (J) (Fig. 3B) is based on the 
model of Andreev that such islands would repel 
‘each other through their mutual strain interactions 
with the substrate. Complete registration that is 
satisfactory for commercial RAM memory de 
vives can be achieved though deposition with inert 
spacers, such as submicrometer silicon spheres 
True finitesize depobization effects were 


‘once thought, incorrectly, to occur at dimensions 


slightly kess than 100 1m. In nanospheres. of 
BaTiOs, the outside shell is cubic (paracketric) 


and the inerior is (79) tetcaonal anal fertoeketric 


n M&M candy). As diameter is 
sphere is all cubic and not 
ferroelectric, but this is just a surface chemistry 


(thus reser 


rahiced, the 1a 


cflect and nota finite size effect. Real finite size 
fleets may occur for diameters that 

Most reader 
tubes. 


iar with carbon nano- 


fami 
nerally 
cither metalic or semiconducting. By « 


0d conductors, 
mar 


To 10) aot 
Thickness(am) 
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son, ferroelectric nanotubes are ftely wood 
insulators. When a voltage is applied to them, 
they expand, contract, or bend (piezoelectric), 
First fabricated by Hernandez in Colorado and 
Mishina in Moscow, such oxide nanotubes have 
recently been characterized by Morrison et al, 
20, Notably, the size distribution of self 
assembled nano-islands of PZT in Fig. 3B is 
nota phase di in thermal 


‘uilbrium), Figure 3, C to E, shows tre phase 
diagrams for nanoferroelecties 
The distribution function for fractional per: 


login) = al’ * bol? 


aw 


assumes, with empirical parameters do, My ane, 


‘Magnetoclectrics 
Crystals whose Hamiltonians contained finear 
coupling between electric polarization P and 


Pt nanowires 


Fig. 1. Nanostructures in thin ceramic films. (A) Stripe width squared divided by domain wall thickness T 
versus film thickness d, showing that w“/dT is constant in ferroelectrics PbTiO; and BaTiO and in Rochelle Salt 
and ferromagnet Co, demonstrating 2 universal law over 6 decades (49). (B) Plan view micrograph of 3D 
nanodomains in BaTiO (26). (C) Scanning electron microscopy (SEM) micrograph of SiBigT2,0, nanotubes at 
‘oblique incidence (20). (D) SEM cross-sectional view of 0.5 Tofin® nanoarray of Pt nanowires and PZT (15) 
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magnetization Mf were thought to bediscoverodin where P is electric polarization and Mf is m 
France in the 1920s. However, afer subsoquentnetization. Th 
forbidden in the variant. Here, 


data showed that the efft wa 
materials used, it was believed impossible, caus 
a hiatus in “magnetoclectricity” R&D until 19 
When Moscow groups resurrected the problem. <M 
Duy 


CROs, rapidly confirmed by Astov, and ako well above Ty (until 7= 37g in magnets such 
nctism, quickly found by Boovik-  BaMaF, with 2D plan 
Romanov, During the 1970s, a successful scarch To switcha magnetic domain with an electric 


for linear magnctockettics (uultferoies") was field, we need to know how much the mag 


led by Hans Schmid in Geneva, The primary — netizat 


device interest was multistate logic elements for Does 


computer bit storage that could be 


binary. As such it was imperative to show switeh- actually cause fer 
ing of magnetic states with eletric ekls andor of was explained by Fox 
jtie fickls and the and exemplified with the BaMF, fan 


ferwocketric states with 
interaction between m 


main walls. This work bas had a renaissance roma 


due to ay 
ature) of Te (the Curie te 


loshinskii prodicted magnctocketricity in By is proportional to <M*> and remains finite 


cower thay 100%? The idea that ferwekectricity could — anomaly 


tic and ekctric do- Ma, Ni, Co, and Fe), By produci 
wgnetic moment (cantin 


vanishes above Tx (he Neel temper Fox-Scottn 
mperature), because BuNiF( 


‘ondering 


sp plicd ma 


jersing P influence MI by 1, 10, or fects can 


tise (a 100% effect) spinel (23) 
ud Scott in 19 


Brown, 
tha 


the sa 


BaMnF) implies a plausible value for the 
first term is not time-reversal in- isotropic exchang 
the linear magnctockectric effect diagonal ay in other Mn"? compounds), This 


snctoclectric literature. Stran 
nce (dielectric cons 


mextel has recently been discussed for 


0; however, the quadratic term duc 19 There are artifact problems in the recent 


magnctoca 
nt change with ap- 
h 


netic field) can occur merely theo 


ice charge in any magne 


material (1/). This is not intrinsic 


n M depends on the polarization P. and requires no ferrelectiicity at all, The ef 


be huge and may explain the 45 
n cadmium (or mereury) chromium 


Homeich, and Shirikman showed 


bility cannot exceed the prosiuct of the electric 
susceptibility and the ma 


netic susceptibility 


since 2000, emphasizing manganese and terbium — netic spin sublattices) M,= ay? Uarough the —Yane? < ter making it uselessly weak for 
compounds (7,8). Deyaloshinskii-Moriya anisotropic exchange, devices. However, that ignores indirect coupling 
Magnetockctricity studies emphasize two the ferrockeetric polarization can produce this through strain, Strain coupling can be within a 
terms, which are given in Eq, 2 effect in some point symmetry groups (e48.. 2° single material, or it can involve two materials in 
in BaMnF.) but not others (¢.g.. 2 in BaCoF,), intimate proximity. By choosing two materials in 


He ay<PeM> © Bu sPe=MMe Q2) The 


ngle of spin cantin 


(3 mrad = 0.17° ina laminated 


J oF nanostructured bimorph, one can 


‘cause large magnctostriction in, for example, 


Fig. 2. FB nanoscience. (A) SEM plan view of magnetoelectsic composite of CoFe,04 pillars in 2 BaTiO; 


matrix (13). (B) Nanodomains produced by AFM nanowrit 


19 on PZT (50). a.u., arbitrary units. (C) Electron 


micrograph of nanotoroid of single-crystal BaTiO, (15). (D) Micrograph of ultra-nanotoroid of PZT inside a 
mesoporous AlsOs pore (27). EDX, energy-dispersive x-ray analysts 
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terphenyld, and large piczoclectricity 


example, PZT, The result is 


prototype room-temperature detector 


‘of weak magnetic fickls a low-cost 


(uncool) replacement for supercon 


ing quantum interference device 
(SQUID) detectors, Unfortunatly, the 
‘Holy Gra” of mul 
(uncanted) ferromagnet that is also 


nies a strong 


ferwelectric at tom temperature 
has yet to be found. As a memory ele 
ment, it would permit eketric write 
n and 
he neal fora destructive read 
(ara reset) for present-day FeRAMS. 
and making possible {atigue-free 


memories. This attractive possibility 
requires & ferroelectric that is also 
strong ferromagnet and has low ele 
trical conductivity at ambient tem 
peratures, Although BiFeO, doped i 
increase resistivity remains a possible 


candidate, ferroelectric-ferromagnetic 
fluorides such as AMF or KaFesF is 
merit much more study (5), where A 
is Sror Ph and M isany 3d metal (Ti, 
V. Ce or Fey: these are apparently 
fermeketric with dickectric peaks at 
S80 K< Te 740 K. 


Toroidal and Circular Ordering of 
Ferroelectric Domains 


Most ferroelectrics or antifer 


ee- 
tries order with polarizations that are 
parallel or antiparallel, respectively 
However, citular or toroidal patterns 
ccan occur As Kittel fit pointed out 


(ZO), ferromagnets in nanosize diam 


ters will order with four 90° do- 


mains, formin This kind of topo- 
logical spin defect (vortex) was treated the 
ically by Mermin (24) in terms of windi 
il is commonly found in nancma 
nots, including both naturally occurrn 
and synthetics (25), 

A completely different origin for circular or 


numbers 


inerals 


toroidal domains occurs in magnetoclecttics, 
‘even in bulk, Fistanalyzed in detail by Ginzbure 
and by Sannikov, this is reviewed by several 
authors (7, 8) and subject to a tury of recent 
jously observed 
Such a system offers the possibility of very hig 
density (Thiin®) memory and stor 


papers, but not yet unamt 


“5 0 OS 
Misfit Strain (10-3) 


Fig. 3. Storage devices. (A) In-plane diffuse x-ray scattering profiles around the PbTiO, <303> Bragg peak at 
549 K (33). The four satellite reflections are not Bragg peaks but instead are due to periodic stripe domains in 
orthogonal directions, and the geometry reveals that polarization P les out of the plane ofthe film. (B) PZT slf- 
assembly. AFM scan shows PZT on SrTiO; (18). Scale, 2.5 by 2.5 jim from left to right edge and from top to 
bottom edge of panel. ( to E) BaTiO temperature-stress diagram with ab initio results (29) (E) and results from 


=10 


electrical write (fast) and magnetic read (no 
reset. 


‘Ab Initio Theory 

A veritable renaissance in theoretical ferro- 
‘electricity has resulted from the work by Resta, 
Vanderbilt, Rabe, Cohen, Krakauer, and others 
tio models. These replace the scm 
classical bal-and.stick model with fully quantum 
mechanical calculations, They have proved par 
ticularly insightful ia calculating tomperatare 


on ab 


strain phase diagrams for thin films (26), in 


coherent 


large strains result fi 


which the 


5 0 5 
Misfit Strain (10-9) 


0 5 0 


Pertsev and Tagantsev in 1998 (28) (Q) and 1999 (54) (0). 
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Misfit Strain (10) 


REVIEV 


itferent lattice constants. from thos 
ferroelectric film (Fi 
saffers from four limitations: (i) It 
works for zero applied field E, altho 
Ihave done finite field calculations (27) (il) Mast 
work is at zero temperature. (il) The number of 
atoms inthe programs are still too small even for 


nanodevice simulations, (iv) It is not easy 
incorporate the semiconducting character 
femoclectric oxides, nor defects such as oxygen 


vacancies, nor gradients near the electrode 


imertace. 
One of th 


most important qualitative things 
om these new modk 
shown in Fig 
Tagantsev ef ul, (28) that a new ae 
phase occurs with polarization ly 


ing between the a 


fiom Pentsew and 


de faces of 
TIO, erys- 
this would have 


a pscudo-tetragonal E 
1. IF comect, 
n new physics, Unfortunately 
ab init work of Vanderbilt 
3E) shows that both mexlels 
wnsev ef a 
(Fig. 3, C and D) are qualitatively 
wrong and that then 
phase 
of ab 
pie 
th 


the 
(Fig 
of Pertsev and Tay 


7), This shows the power 


tio modling over more 
ive free-energy theories, Al- 
h the Pertsev-Tagantsey mod 
el was unsuccessfil for barium 
titanate, a more successful example 
is PbTWs, which in bulk has only 
cubic and tetragonal phases but in 
thin film exhibits both an ortho- 
rhombic phase (az, meaning that 
polarization P ties at a 48 
of the two a axes of the 
tetragonal procunor phase 
[110)) anda rhombohedral (2) 
phase (P along [111). For BaTiOy 
the initial model predictions: were 
th 


angle 
from «a 
along 


new ac phase would be stable 
in thin-film form at zero stress, but 
ab initio calculations (29) showed 
that this is unlikely. The most ex 
treme experimental result is. that 
SrTiO, which in bulk is para 
electric down to absolute zero, ean 
be made ferroelectric at room 
emperature in thinfilm form (30) 
with the use of a rather new sub- 

strate material: DyScO, 
Interfacial phenomena, Ferro 
eectries are more complicate than 
ts because electrical 


weasurements must be made on 


sandwich consisting of wo elee- 
trodes 

interface is very comple 
ing screening in the meta 
insabilities at 

eketric thickness 
ing Ieakage curent in PZT films 
can he Schotthy-limited or Po 


wand a dicle 


about 3 nm 
The result 
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Frenkel, and the films ean be fully 
oF partially depleted. Interfacial 
phenomena were recently reviewed 
(33), Early problems with fatigue, par 
tially duc 10  perowskite-pyroehlone 
‘conversion (34) in FeRAMS, have 
been overcome. Replacement of Pt 
by oxide electrodes to el 
‘i 
but Matsushita and Panasonic find the 
metallic Pt electodes on SBT to be 
very satistctory 

Fermelectric superlanices. at 
ficially layered fermvelectric super 
Iattices, sueh as BaTiOySrTIOs can 
proxluce enhanced polarization P and 
icletric constant ©. POTIOYSrTOs 
is particularly notable because ithasa 
near-perfect lattice constant march 
(35), Surprisingly, the SrTiO, pol 
ization in BuTIOy SETIO, flops from 
along {001} to [110] in the relaxed 
superlattice (36, 37), with strain en 
ergy overcoming electrostatics, 


ve spawned a Jot of goed research, 


ed topic is periodically 
poked crystals of LINDO and other 
nhonline als (38), 
re, the superlattice consists not of 


‘optical mate 


different chemical compositions such 
as BaTiOySrTiOs, but of and -P 
domains, providing effictent phase 
matching for nonlinear opties, The 
‘quest-at present is to produce sul 


micrometer wavelengths and 10 un 
‘derstand domain widhls and stability 
Utmathin single crystals. The use 
‘of focused ion bes 
‘electrics was pioneered by Ramesh's 
group in Maryland for ceramic films 
but recently extended to single eryse 
tals of BaTiO; (39) to characterize 
single-crystal capacitors of thickness 
down to about 65 nm, This has shown 
feets of Curie temperature shi 
peak broadenin 
previous conventional wisdom. 


ns to.cut nanofeen 


Short-Term Applications 


Electrocalorie cooling for mainframes and 
_microelectric moors. The fact that ferroelectrics 
‘ean be cooled by applying an electric field to 
them under certain conditions is termed 


Using the 


‘eloctrocaloric effet. 


field £, one finds a temperature cooling of 


AT oT. Fe [BT OP EHP 


where e is specific i 


GTP) = aT TP © PY so that ATs 


the effet waas small in bulk 
per volt), Recently however, Mischenk 
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or dicleetrie 
ane extrinsic, contrary to the 


dynamics 
1 the idea that entropy decreases under applied 


at constant polar 
P, and is the P* coefficient in the free en 


P rather than directly. Electro- 
calorie cooling was studied 1960s to 1970s, but 
few millikelvin 


measured AT= 12K a 


Vacross 350 nm for 


sufficient 1 design a prototype © 
‘computer main frames. 

Electron emission from ferroelectrics. The 
foct that 
from their surfaces during switching has been 
known for mat 


sclectrics emit copious clectrons 


cars. First discovered in 


Michigan by Rosenblum, this phenomenon was 
Inter investigated extensively at Centre Européen 
pour la Recherche Nucleaire (CERN) (41) and in 


France, Poland, Israel, and the United States The 
prototype use as a synchronized, pulsed electron 


for accelerators was investigated, includ 


ing the extension to flat channel-plate structures. 
amperes have been obtained 
With synchronized, monoenensctic pulse le 
of 100 ns to Ips. These are superior 1 
thermionic cathodes in that they have higher 
‘current densities and lifetimes and also have 
odes require a 
warmup). The ferwdectric electron 
be operated in a poor vacuum and require m0. 


Currents of tens 


instant tum-on (thermionic cat 


SCIENCE www 


~ 


400nm 


Fig. 4. Applications. (A) Electrocaloric effect in PZT (39). (B) SEM cross-section of 32 Mb Samsung PZT FeRAM 
(62). (C) SEM cross-section of ruthenium nanotrenches in Si (53). (D) e-beam lithography. Plan view shows PZT 
‘capacitor array (54). 


separate activatio 
drawbacks are th 


process, The commercial 
the intense electric fiekls 
recracking and device failure and that 
the effect &8 poorer in thin films than in bulk 
Moreover, no. unambi 1 model 
has been accepted for the basic emission process. 
Microscopic mechanisms remain debatable, AF 
though fields of E = 107 Viem are required, this 
is only $0 V across $0. 
ood films. 


This is an uneyploited device area for which 
commercial development of miniature high- 
power microwave devices coull be made withia 


a few years. Samsung explored in the 1990s the 

nanolithography 

(42), Most recently (in 2005), this effect was 

used hy Putterman’s group for a kind of cold 

fasion (43), as a miniaturized source of 
and ne 

Base-metd 


luse of this phenomenon fo 


electronle capacitors, Bariuin 
titanate-hased ceramic capacitors are a com 
snodity and account forthe bulk ofall condensers 
used in electronics (billions per year). These are 


sciencemag.org 


multilayer capacitors with AgPU electrode 
stacks, Present efforts are to increase high- 
voltae perfomance to higher breakdown volt- 
ages and 1 funber reluce costs by replacing 
silverpalladium with base metas, expecially 
nickel. The electrode separation dares fom 
submicrometer to about 20 um, Recently Milliken 
eral. have shown (4) that the breakdown field 
varies as the de thermal mod predicts (ignoring 
transient effects of applied fie ramp rat: Ey ~ 
eu"? for thicknesses above I um, but no theory 
‘ins for the submicrometerspaced devices, for 
Which electrode surtice roughness may be the 
Timing parameter. Progress can be expected in 
this high-volume commercial area in the next $ 
years: Ni replacement, higher-breakdown devices, 
nd a reiable theory for both NiBaTiOs inter- 
faces and the nonmenotonic dependence of 
breakdown voltage on the eketrede separation 
dd, This fas not been a trendy research area in 
"universities, but the Financial pay-off potentially 
huge. Another major commercial area, not 
reviewed here, is piezoeketric aetuitors, Most 
pieameectrics are feroeletrc, and new "relaxor”™ 
ferroelectrics such ay lead magnesium niobate 
‘compounds achieve 2% strain, about 10 times that 
in conventional fenwekceties. The mest valuable 
pplication area is fuel injectors for automobile 
nines 

Phasedtarray radar. Thinelilm feroelectics 
exhibit lage decrease in dielectric constant with 
application of modest voltges, This suggested 
that they could be used asthe active phase-shift 
clement in phaseduray radar, project studicd 
ccarefally by researchers at Grumman and TRW 
in the Unitod States and by Vendik’s group in 
Leningrad, Unfortunately the dielectric Joss tan- 
gent in these films remains too large for accepe- 
able insertion losses in such devices, s0 nothing 
hasbeen made commercially. status report was 
Doublished recently by Miranda eta. (4). 


Future Prospects 
Hybrid devices. combining piezoclettic mano 
tubes with carbon nanowines Will appear in 2007, 
SinNs dieketric capacitor tips on carbon nano 
Tubes exist (46), ankl my group fas put PZT tips 
fon a registered array of carbon nanotubes. 
‘Commercial ferroelectric cells (up to 64 Mb) in 
FeRAMSs are 04 jm (0.12 mim thick) in ceramic 
fom (Samsung: Fig. 4B), 0.35 wm (Fujitsu), and 
0.13 to 0.18 yim (Matsushita thinner samples 
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suffer from tunneling cuments but may be wsefl 
for 3D DRAMs (Fig. 40). Single erystalso 

to 70 am and fils of =2 nm are understudy, as 
ame piceoekstsc 3D nanotubes for microthiis. 
Atomizers for insulin inhalers (ex, PYizer 
“Exubera” 2006) require small particles or 
roplets of uniform diameter. and the U.S. mar- 
et for diabetes prexiets (19 milion cases 
worldwide) is $25 billion per year Although 
microfluidics (including ink-jet printers) favor 
piceocksctric tubes of micromeier-sized diame 
ters, microelectronics may exploit the smaller 
5 10nmiameter rings and tubes shown bere 
for DRAM trenching, with PZT P-nanowire 
arrays recently giving nearly | Thin? nonvolatile 
memory arays. Reabwrite spans ae already as 
fast as 280 ps for laboratory devices, but sense 
amplifier walites asd bitline eapuxitance limit 
‘commercial FeRAMSs wo about S-ns access im 
e-beam lithography (Fig. 4D) sil leads self 
assembly techniques forthe registration requial 
forcommercial random access memories, but scf- 
assembly with high regbtration will eventually 
‘win out FeRAMS are way abjad of MRAMs, but 
smulifenoic memories with eketical write and 
magnetic read opcations may yet blossom, 
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Predation Risk Affects Reproductive 
Physiology and Demography of Elk 


‘Scott Creel,* David Christianson, Stewart Liley, John A. Winnie Jr. 


‘or behavior response to predation or herbi 

Lory) reduce an individual's vulnerability 1 
predation but carry costs that select against their 
‘expression when predation risk is low. For pants 
and invertebrates, the costs of inducible defenses 
have important effects on demography and com- 
munity structure (7). Elk (like most vertebrates) 
her their behavior in response to pretation risk, 
‘and these antipredator responses are analogous 
nducible defenses in plants and aquatic inyer- 


= defenses (changes in morpholo; 


have focused on direst predation, ignoring 
i eflects of antipredator behavior 00 


munities has been discussed extensively [e..(5)) 
Elk behavior responds to the presence of wolves 
‘on a spatial seal of several kilometers and a time 
scale of minutes 1 days (6-8), Wolves were 1 
tuodlueed to the Greter Yellowstone Boosystem 
(GYE, United States) in 1995 and 1996, 
by rapid growl 
wolf population and a concurrent dectin 
clk numbers (9), In the Gallatin Can 
‘ofthe GYE (/0), predation risk from wolves varies 
spatially and temporally (7) and elk respond to the 
presence of wolves by altering pattems of awere- 
uation, habitat seketion, vigilance, foraging, and 
sensitivity to environmental conditions (6-9), For 
all of these behaviors, females produce signi 
anily stronger antipredator responses than makes 
(7. 8).and females fll prey to wolves Ie fen 
than mas fin fig SI, 72» 1948, degrees of fe 


A 


dom (df) =2. N= 124,and P<0.0001). Here, we 
show that these antiradator responses are asso- 
ated with sts that can be measure by changes 
in productive physiology and demography. 

In the GYE, elk populations mix in the sum. 
mer but oocupy discrete winter ranges with ra 
tively lithe movement betwen populations () 
Etk-wolf ratios vary substantially across winter 
ranges (Fig 1). Elk-wolf ratios are generally low 
inthe center of the ccosystem and high at its ed, 
where wolf culling s common and wolf oxcupan 
y is speradic. We assessed elk reproxkictve phy 
iology by using enzymedinked immunosorbent 
asaty (ELISA) ¥ measure progestern 
trations for 1495 fal sump een populations on 
five winter ranges, 2002-2006 (10), Across pop 
ulations and years mean fecal progssirone 
‘centrations corked strongly with ek-wolf ras 
Low progesterone values were associated with 
ravi preaton presau fin Fi. LA, adjusted ex 
relation (7g) = O54, Fis 17.6 and P= 00011 

The recruitment of calves declined significantly 
n two of these populations since heal reeoloniza- 
tion by wolves (4, ), and progescrone concen 
trations were correlated with calf recruitment in 
the subsequent year (in Fig. 1B, 74g = 0.32, Fy yy 
(6.00, and P ~ 0.032). The lowest observed pro- 
xesterone concentration was associated with the 
lowest ealf-cow ratio (8 cabs per 100 cons, 
which was the lowest of 20 calf-cow ratios mea- 
sured for that site over a period of $7 years. The 
highest progesterone concentrations Were asso 
ciated with calFcow ratios above 30 typical of 
sgowing. populations) and with estimated py 


c 


Fig. 2. (A) Regression of ek mean fecal progesterone 
concentrations on predation pressure, measured by 
ek-wolf ratios, for five ek populations, 2002-2006. 
(B) Regression of calF-cow ratios in the subsequent year 
on mean fecal progesterone concentrations. (Q) Re- 
gression of calF-cow ratios inthe subsequent year on 
predation pressure. (A) does not include one point 
Iinean = 1335 ng progesterone (P4Vmg dry feces] for 
which woles were absent and the og ofthe elk-wolf 
ratio was consequently undefined. (B) and (O do not 
include two points sampled in 2006, for which sub- 


sequent calfcow ratios are not known. Data point shapes denote different ek winter ranges within the GYE. 
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nancy rates near 100% (/0). Lastly, ealf-c0w ratios 
comelate dreetly with predation pressure (in Fig. 
1C.7ag = O58, Fan = 12.98, and P= 0.004), 
Athough comeative, these results suggest that 
‘wolf predation has indir effits on clk dynamics, 
dkiven by costs of behavioral defers that alter 
sgpreductive physiology and demography. Recent 
declines in calf reenuitment (2-4. 8) are not well exe 
plained by density dependenoe, because these pop 
ulations lane recently been stable or declining. We 


Jhave previously found! that local winter severity isnot 


2 good pcr of recent shits in ck demogsuphy 
and dynamic and winters were focally mild overall, 
Jy ofthis sty (9), Lay, dit hom rand 
‘lk eaves en the Gallatin Canyon site showed that 
inane were killa by wolves in thei first suman ane 
fill (V= 30 cahes, 13 morales. anger sample 
cof radiotagged calves on Nonber Range of the 
VE also showed litle wolf predation on calves 
before theft winter (7: Teeth, these tis 
etcoted very Jow rates of drcet wolf predation 
con calves befowe early winter eallicow estimate, 
The bent of antpredatar havior is ds 
od risk of predation, an tis is incomported 
automatically inio measures of the dine rae of 
retin. In conta, most analyses of vertebrae 
redator prey dynamics donot account forthe costs 
of antgredatorbshavie. Without consdsatien of 
the iginet effects of pation it is ikely that de 
sxe epson wou mistaken fc baton ap 
fintation by resources. Our data show that the ws 
edactive oss of antpeator behavior can be ans, 
mportant consequences fr prey dynamics 
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JIL K, Leutgeb, Stefan Leutgeb, May-Britt Moser, Edvard |. Moser* 


‘Theoretical modets have long pointed to the dentate gyrus as a possible source of neuronal pattern 
separation. In agreement with predictions from these models, we show that minimal changes in 
the shape of the environment in which rats are exploring can substantially alter correlated activity 
patterns among place-modulated granule cells in the dentate gyrus. When the environments are 
made more different, new cell populations are recruited in CA3 but not in the dentate gyrus. These 
results imply a dual mechanism for pattern separation in which signals from the entorhinal cortex 
‘can be decorrelated both by changes in coincidence patterns in the dentate gyrus and by 
recruitment of nonoverlapping cell assemblies in CA3. 


the formation of discrete representations changes in cortical input. Instead, small changes is expressed in the dentate yynus, we compared 
| memory is thought to depend on a might resuk in the retrieval of similar pattems the transformation of representa the 
tem separation process whereby corti- that have already been stored in the network ‘gyms and CA3 under conditions where 


cal inputs ane dcortclatad as they enter the carly on) (1-3. $-9), The formation sensory input patterns were made progressively 
stages of the hippocampus (/-4), The neuronal of novel discrete representations would benefit more different. 

chanismns of hippocampal pattem separation fan additional Six rats were trained to nun in square or 
ined elusive, however. In principle, Of CAS, where small circular enclosures. During running, spikes were 


new representations coukl be distinguished g signals could be sampled from putative pyramidal cells in CA 
merely as a result of attractor dynamics in the augmented before the input is presented 10 the — (= 216) and granule cells in the det 
associtive CAR network (1-3, 5-7), but ve network, The dentate gyrushas been (n= 67) (Fig. 1, A and B, and fig. SI and table 
‘cause CA3 cells are strongly controlled by ether proposed to serve such a function (-).On the SI) (25). In five of the animals, 


CAS cells, via recurrent 
‘on its own ma 


acral, the CAS area basis of analogies with the cerebellum (/0-12), recorded simultaneously from the 1wo 
ied ability to generate it has been suggested that, in the dentate xynus, number of active cells was Lower in the dentate 
ponse 10 weak input fiom the entorhinal cortex is dispersed gyrus than in CA3 (25), which confirmed 
‘onto a more extensive layer of sparsely firing previous indications of sparse firing in the 

le cells, enabling cach granule cell 1 carry granule cell population (73, 14), but a 

those neurons that were active, the peak firing, 

rates were similar in the two hippocampal 
regions [1 = 0.95, df= 94, not signifi 


new repre 
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Fig. 1. Place-specitic firing in (A) the Ape 
pyramidal layer of CA3, and (B) the 
granule layer of the dentate gyrus. (A 
and (B) were recorded simultaneously 
(rat 11215) (See fg, St for atonal 
electrode postions from this anima. 
{ty Recording lars ow) et > m 
ied by folowing the eleciode tads re A Po wm 
though serial cresyl vilet-stained sec- . NWN 
tions. DG, dentate gyrus. (idle) Cluster 
diagrams showing separation of extra ome) 
cellular action potentials (pikes) when 

the animal foraged in a square box for 
410 min or when te animal slept. Scat 
terpots show energies (sum of squares) 
‘of wavelorms on two recording channels. 
Each dot represents one sampled spike. 
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rial Combats AA Nhat acura, uly 
pairs of cister diagrams. Insets show the ) 

spikes from the red cluster superimposed osm (__ 

‘onthe rat's trajectory (gray) during food- am 


motivated running ina square enclosure. 
(Right) Waveforms of spikes from the red clusters (means + standard deviation). Bottom ofeach panel, representative EEG trace from the indicated recording site 
‘during foraging inthe box. 
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(table S1)). The majority of active cells exhibited 
strongly localized fring in both areas. OF the 71 
active CA3 cells, 62 (87.3%) had localized 
firing: 58 cells had a single field and only 4 
had nore than on firing field (Fig. 1A), OF the 
44 active dentate cells, 41 had fring fields. The 
majority of these cells fired at multiple places 
[16 had single fields, 13 double fields, 8 triple 
fields, and 4 quadruple fields (Fig. 1B and fi, 
S2)] (13, 14). The distribution of the multiple 
Fields was generally imegular (Fi 

Pattern separation by changes in spatial 
and temporal coincidence. We compared the 
activity of simultaneously recorded principal 
neurons fom dentate gyrus and CAS during 


Fig. 2. Changes in ate A 
distbution in CAS and 
dentate gyrus during 
progressive transforma 
tion of the recording 
environment. (A) Cells 
were recorded consecu- 
tively in seven shapes of 
an encosure with fexi- 
ble walls starting with a 
square (1) and ending 
with a circle 7), oF vice 
versa. The initial shape 
was finally repeated (2, 
(8) Firing fields for a 
representative CAB cll 
(top, purple bow) and a 
simultaneously recorded 
cell the dentate gyrus 
(bottom, green box), 
(Left) Trajectories with 
spike locations; (right) 
corresponding color- ©... 

coded rate maps. Theo 
color scale is from blue 
Gilend to red (peak 
rate), with pixels not 
visited shown in white, 


The rate maps were | comet: 11215 


QDVWSeQ@ 


incremental transformation of the recording 
environment. Five rats were first trained in 
square and circular versions of a recording 
enclosure with flexible walls, with the two 
versions presented in random order (26) (fig. 
$3), The bor was then transformed, though a 
series of five intennatiste shapes, from the 
Square shape to the circular shape (n = 57 
dentate and 170 CA3 cells) or view versa (1 = 66 
dentate and 186 CA3 cells) (Fig. 2A; fig. S4-and 
'S5). The transformation was accompanied by a 
‘progressive change in the fring rate distribution 
‘of cells in both CA3 and dentate gyrus. In the 
dentate gyrus, the multiple firing fiekis of each 
ccell changed noncoherently; some were most 


OU? BOBS66e@enu 
» Sesceane 


active in the initial shape, others in the middle or 
final shapes (Fig. 2, B and C), These differential 
changes resulted in a strong decorrelation of the 
rate distribution of individual cells between even 
the closest shapes of the morph box. The rat 
sistiution changed independently ofthe oer 
ofthe box shapes (fig. $6) unlike the fring rates 
JnCA3, which exhibited hystoress (Fig 28 and 
fiz. S620). 

To examine how the decorrelation of dis- 
charge pamtems in the dentate gyrus might 
influence CA3, we estimated the cumulative 
change in population output from the dentate 
_gytus as increasing degrees of dissimilarity were 
introduced between pairs of test boxes. 
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scaled to the maximum 


firing rate within the 
entire testing sequence. 
Peak rates are indicated 
{to the right. The com- 
plete set of active cls is 
shown in fig. $4, (©) Dif- 
{erential rate changes in 
individual fring fields of 
the cell in (B) and two 
adkitional representative 
cell from the dentate 
‘gyrus (rom different ani 
imal. Individual. elds 
‘of each cell are outined 
indifferent, but consist- 
ent, colors throughout 
the morph sequence. 


od rat 11292 


of 63: rat 1086 
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(Right) Line diagrams 


for the mean firing rate (red curve) in each individual fring field (box outlines have the same color as the corresponding firing field). The rates were fitted 
10 sigmoid, tinea, or quadratic functions. Curve fits are only shown when significant (in blac). The best fit was linear for 30 fields, sigmoidal for 21 fields, and 


‘quadratic for 8 fields (n = 122). 
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‘Composite population vectors were constructed 
for each box by stacking the rate maps of all 
cells into a three-Jimensional matrix with the 
two spatial dimensions discretized along the 
an y-axes and cell identity represented on the = 
axis (Fig. 3A), For each pair of environments, 
the firing rates of theactive cells were corelated 
for cach spatial bin shared by the two box 
shapes. Population activity in the dentate gyrus 
was highly sensitive to small changes in the 
shape of the environment (Fig. 3A). The 
stnallest difference gave a highly significant 
decrease in the correlation of the population 


vectors for the dentate gyrus (0.75 = 0.01 for 
shape 1 yersus 2 and 0.87 = 0.004 for shape 
1 yemsus 1’: mean correlation = SEM, 1 15.1, 


P< 0.001). A similar decrease was not observed 
InCAS, where the population vector correlations, 
for neighboring shapes and identical shapes 
Were about the sane (0.92 = 0.004 and 0.92 

(0,003, respectively, ¢= 1.96, 1.9) As the shapes 


Fig. 3. Quantitative assess- 
iment of spatial and temporal 
coincidence reduction in the 
dentate gyrus. (A) (Top) Pro= 
‘cedure for calculating popu 
lation vector correlations. 
The rates of all CA3 or den 
tate cells were stacked into 
256 population vectors (PVs), 
‘one for each of the 5 em by 
5 cm bins that were shared 
between the morph square 
and the morph circle. The 
‘correlation between the pop 
ulation vectors was computed 
for each pair of pixels. (Bot- 
tom) Mean population vector 
cortelations for pairs of in- 
‘creasingly divergent morph 
shapes. Unlike the popula- 
tion output from CA3, popu 
lation vectors in the dentate 


gyrus showed dissimilarities rarer 
already atthe smallest change 29 00 28 om 00 «IF CO 

‘of the box configuration shape CAS ‘morh shape companion 

1 versus 2). (Gray stippled 

tines highlight the difference 300 ms 

between this comparison and ge =pergeen,, 


repeated recordings in shape 
1) (B) Population vector cor- 


calculated as in (A). Corre 8 
sponding data points in (A) 
and (B) are circled in red. (©) 


Felatons after random sub- «al ' 
sampling from the recorded | < 2 

cell sample. Subsets of cells | 

were chosen from ether den- 8 &4} | 

tate gyrus or CA3, and cor gs} Cpa 
relation coefficients. were | {2 00 ce cece om oo 


dtance (om) 


Change in temporal correlation of cell pairs as a function of difference 
between morph shapes. The degree of change across morph shapes was 
expressed as the ratio, for each cell pair, of coactive spikes in one 
environment divided by coactive spikes in the other, within three time 
windows as noted. The ratio is averaged and linearly transformed such that 
randomly shuffled cell pairs have a ratio of 0. Symbols asin (A). (D) Color- 
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became more different, the correlations 
decreased in both hippocampal subfields, but 
the decrease was initially more pronounced in 
the dentate gyrus (Fig. 3A), The advance of the 
dentate gyrus disappeared toward the end of the 
‘mogph sequence. Because the impact of decor- 
‘elation processes inthe dentate gyrus is likely to 
be constrained by the limited convergence of 
‘granule cells on CA3 neurons (15,27). weasked 
Whether a similar distinction between adjacent 
shapes would be possible with sparscr inputs. 
The change in spatial population vectors in the 
dentate gyrus was thus calculated after subs: 
pling from the conde cell population, Small 
‘changes in box shape (1 yersus 2) led to. similar 
‘drop in correlation even when the cell sample 
was reduced to kssthan 10 (Fig. 3B and fig. 7). 
The differentiation of the spatial rate maps 
could be improved by ——- i the 
‘temporal domain (28). For cac 
couly recorded el, we tas tcl the 
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rate of coincident firing within time windows of 
30 ms, 150 ms, and 300 ms (25), The coin 
cadence rates, averaged across cell pais, Were 
compared for successive shapes of the morph 
sequence by dividing the rates by each other, 
siving a coactivity rato, The couctivty ratio. 
<eereased across mooph trials and, in the dentate 
gyrus, dropped significantly even between ad- 
jcent shapes (Fig. 3C and fig. $8). The decrease 
ttwoen shapes 1 and 2 was significant forall 
tires time windows (1 > 2.14, P< 0.08). For 
larger shape differences, the dissimilarity 
reached the level of a shuiMled distribution (in 
Fig. 3C), Coll pairsin CA3 were more comelated 
than cell pairs with one cell from the dentate 
gyrus and one from CA3 (fig. $8, 

‘We next asked whether the change in the 
representation of the environment in the dentate 
sys bears any qualitative similarity to remap 
ping processes inthe CA fields, In place cells in 
€A3, and 10 some extent in CAT, remapping 


oor, 
PASCAD y| 
1 


coded spatial cros-correlation matrices for composite rate maps, one for 
each pair of morph shapes. The scale is from red (+1) to blue (<0); yellow 
corresponds to 0.5 to 0.7. (Eand F) Li 

25 a function of distance from the center ofthe ross-correlogram for pats of 
trials with increasing dissimilarity in box shape [one line for each pair; (), 
dentate gyrus; (F), CAS]. 


iggrams showing cross-corelations 
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‘oceurs as a complete change in both firing fields 
and fring rates (“global remapping”) or as a 
selective change in firing rates within a fixed set 
Of firing locations (rate remapping”) (24, 29), 
In the present study, the CA3 neurons exhibited 
‘consistent rate remapping throughout the morph 
sequence (26), whereas cells from the dentate 
izyrus fired at different locations in the most 
dlitlerent shapes of the box (Fig. 2B). Yet, the 
redistribution of the firing locations was non 
random. In all individual fields of a dentate 
neuron, fring increased and decrease gradually 
across muiipe trials, sometimes throughout the 
entire morph sequence (Fig. 2C). To estimate the 
extent to which the place code was retained, as 
in the CAS cells, we erss-correlated the com- 
Posite rite maps ofthe dentate ells for each pair 
‘f'shapes in the moeph sequence by shifting the 
stack from one ofthe shapes in S-em steps along 
the x and y axes, This esulied in a map of the 
average similarity of the poputation vectors, at 
Various shifts of one stack relative wo the other. A 
central peak was observed forall pairsof shapes, 
hut the peak decreased progressively as the 
shapes became more diferent (Fig. 3, D 10 F, 
Which suggested that the rate distribution as 
altered sinoothly, as during rate remapping in 
CAB (26). Even the smallest shape change 
‘etune at decrease in the central peak inthe d= 
tate gyrus (see also Fig. 34). 

The expression of a coaetivty-based patio 
separation proces in the dentate wyrus raises the 
question of whether the underlying computa 
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Fig, 4, Unaltered rate distribution in grid cells in the perforant-path termination 
zone. (A) Histology and electrophysiology fora recording inthe deep dendritic 
layers of CAL or dentate gyrus (rat 11292); symbols as described in Fig. 1. (B) 
Firing fields ofthe cell or axon in (A) and a simultaneously recorded dentate cell, 
(brown and green box, respectively) during progressive transformation of the 
morph box. (Top) Trajectories with spike locations; (bottom) color-coded rate 
maps for the same recording sessions. Regular grid fields recorded from the 
perforant path did not exhibit systematic changes in firing rate. (See fig. 9 for 


yo 
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tions take place locally in the dentate gyrus oF 
are mediated from afferent regions Ifthe dentate 
_Eyrus contributes actively to patter separation, 
its sensitivity to small changes in input pattems 
should be substantially larger than in the 
entorhinal cortex, which mediates the majority 
‘of cortical inputs to this arca. We tested this 
prediction by recording fom three cells in the 
perforant-path termination area of the hippo- 
campus while the shape of the recording box 
was increased in sal steps (Fig. 4 and fig. $9) 

These cells had grid-like fring fclds similar to 
those of principal cells in the medial entorhinal 
‘cortex (30, 31). The spikes may have originated 
from intact or punctured axons of grid cells oF, 
pethaps, but less likely, from local intemeurons 
activated by grid cells with identical firing 
locations. The three cells were recorded simulta- 
neously with cells in the granule cell layer on 
‘other ttrodes. None of the grid cells exhibited 
detectable changes in the rate or the location of 
firing that could be attributed to the incremental 
transformation of the reconding environment 
(Fig. 4, B and C, and fig. $9) Whereas the 
magnitude of the cros-correlation between pairs 
‘of environments decreased progressively in the 
simulancouslyreconded dentate neurons the cor 
relation didnot change systematically forthe rid 
cxlls Fig. 40), These recordings eonfim obser 
Vations from studics with larger numbers of 
entorhinal grid cells, which show that. the 
distribution of activity between firing fiekls in 
entorhinal neurons does not change detectably in 


8 
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spose to enviionmental reconfiguration under 
conditions where hippocampal CA3 assemblies 
undergo rate remapping (32). 

Pattern separation by recruitment of new 
cell assemblies. Akthouh changes inthe shape 
(of the morph box strongly influenced the co- 
activity of aleady active neurons in the dentate 
gyms, there was no replacement of the active 
subset of the population. In CA3, such replace- 
iment can be induced by further increasing the 
differences between the environments, either by 
‘moving the animal to a different recording room 

24, 33) of by making the enclosures. more 
dsimilar (18, 19, 23, 32), We asked whether 
such changes, sufficient to induce global remap 
ping in the CA3 G4}, wouk! cause new and 
independent cell ensembles to be recruited aso in 
the dentate gyrus. Rats were tested in bares of 
different sie, color, and shape in three different 
rooms (Fig. 5, and figs, S10 and SLI). As ex- 
pected, in CA3, statistically independent sub- 
populations were recruited in pair of similarly 
shaped rooms (33) Fig. S), With arate threshok 
of 0.1 Hz, only 20 18.3%) oF the 109 CA3 cells 
also active in 


seconded simultaneously with dentate cells, only 
3.(13,0%) were active in both rooms (able $1). 


In striking contrast, 17 out of 20 active neurons 
inthe dentate gyrus (85.0%) were active in both 
room I and room 2: only three (each from a 
different animal) fired exclusively in one of the 
caivinonments (Fig. $). The regional difference 


Moeph: Roomt 


OOOOH 


cotpt 


a8 


Bohs Se GS te 1 


& See ie 
Seooaane-. 


‘Moeph reversal: Roomt 


HES Oe 200 


a Pay RS mS 


tL oo 
BGRS9SOR-- 


additional examples) (C) Coss-correlation between rate maps for gridcels in the 
perforant-path termination zone, calculated as in Fig. 3, D to F, and shown for incremental changes in box shape. The line diagram shows a central peak, as 
‘expected ifthe fields remain stable, and a second peak at 45 to SO cm from the center, which is 2 consequence of the similar grid spacing (40 to 60 cm) of the 


recorded grid cells. PP, perforant path. 
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was highly significant (2 ~ 22.0, P < 0.001, 
simultaneously recorded cells only). The der 
‘ence was maintained with a higher rate thresh- 
fold [0.25 Hz; Z = 208: P< 0.001 (able S1)] 
and with arate overlap measure where, for each 
cel, the mean firing rate in the lessaetive setting 
was divided by the mean rate in the more-ative 
setting (33) [0 = 4.77, P< 0.001 (fig. S10). 
Moreover in two animals that were tested in a 
third room where the enclosure was substantially 
er, Hout of 12 dentate cells that were active 
inrooms | and 2 were active aso in room 3 (ig 
S11). Although the active subset was generally 
the same in all three rooms, there was no 
larity in the relative locations of thei firing 
ls Imespective of the relative orientation of 
the stacks, crosseortlation maps. for simulta- 
neously recorded dentate neurons in rooms and 
2 were flat. and the coactivity of cell pais was 


Fig 5. Recruitment of statistically independent cell 
‘ensembles in CA3, but not in dentate gyrus, after 
large changes in the recording environment. (A and 
B) Firing fields ofall cells recorded simultaneously 
from CA3 (A) and the dentate gyrus () in an animat 
‘exploring boxes of varied size and color in two 
different rooms (rat 1125), (A) Recording sequence 
schematic and spatial fring corvelates for active cells 
recorded from tetrodes in CA3. The rat's trajectory 
(ray with superimposed spike locations (red dots) 
is shown for each cell. Silent cells are not shown (n = 
ies with spike locations for dentate 
«cells recorded simultaneously with the CA3 cells in 
(A, (See fig. $10 for color-coded rate maps.) (C) 
Relation between fring rates on repeated tests inthe 
‘same room (blue symbols) or in diferent rooms (red 
symbols) for the entire sample of cells recorded in 
A3 (top) and dentate gyrus (bottom) (n = 11 
animals, three with simultaneous recordings). Circles 
‘of lighter color indicate cells from trials with 
simultaneous recording in dentate gyrus and CA3; 
darkened circles indicate cells that were recorded 
separately in one brain region. (D) Cross-corrlation 
between rate maps for cells with firing fields in both 
rooms, calculated as in Fig. 30, but with prior 
rotation of the maps relative to each other and with 
analyses performed separately for individual 
animals, The line diagrams show cross-correlations 
for individual experiments as a function of distance 
from the center of the cross-correlogram (one line 
for each animal with more than three simultaneously 
recorded cels in either subfield). Cross-correlation 
maps (at the bottom) are only shown for rat 11215 
[corresponding to () and (B)). (See fig. $12 for the 
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remaining maps.) 
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not higher than that of a hulled rate distibution 
(Fig. 3D and fiz SL 

Discussion. This study provides experimen 
tal support fora role ofthe inital stages of the 
‘hippocampus in patiem separation and suggests 
that_a dual set of network mechanisms. is 
involved. These mechanisms, implemented in 
the dente gyrus and CA3, are both able, in 
different ways, 10 completely onbogonalize the 
collective firing pattem of exll assemiblics 
CAS. Together they provide a potential ncuronal 
substrate for disambiguation of overlapping 
memories in the hippocampus. 

Which mechanism is reeruited depends on 
the mture of changes in inputs to the hippocam- 
pus. When the environment is only slightly 
modified, at a fixed spatial location, pattem 
separation is expressed in dentate gynis and 
CAS as a change in the pattem of comelated 
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activity within the active cell assembly, The 
divergent direction of the rate changes in the 
ditierent firing fields of dentate cells accentuates 
the decorrelation ofthe ensemble activity, which 
allows cach environment to be represented by a 
‘unigue rate pattem in a small number of granule 
cells. Sparse connections between granule cells 
in the dentate gyrus and pyramidal cells in CA3 
(/5) may allow the disambiguation of fring 
pattems to be translated to the CA fies, al- 
though the smallest differences may be opposed! 
by patiem completion processes in the CA3 
5-9). Whether devortelation in 

gymis is necessary fir rate reistr- 
botion in the CA fields remains to be determined, 
‘When the changes in input to the hippocampus 
are more substantial, pattern separation is 
acconiplished aso by recruitment ofa statistically 
independent cell population in CA3 (24, 33, 34), 


rot 11215, 
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A\ simiar replacement of the active subset is not 
apparent in the dentate gyrus, which suggests 
that the change in the CA3 code is triggered by 
direct projections from entorhinal grid cells 0 
the CA3 (32). 

Pattern separation in the dentate gyrus is 
thus different from separation processes in the 
cerebellum (10, 11), where signals from the 
brain stem spread out on a layer of 
whose cell numbers exceed those of the input 
layer by a factor of several million. The number 
‘of granule cells in the dentate gyrus and pyram- 
idal cells in the CA3 only marginally out 
numbers the projection neurons from layer Il 
Of the entorhinal cortex [in the rat, 1,000,000, 
300,000 and 200,000, respectively (15, 35, 36), 
which suggests that the same hippocampal 
cells must participate in many representa- 
tions even when the population activity. is 
sparse (/3, 14), In such networks, onhogonal- 

cidnee patiems may be more 


ization of oi 
effective, 

‘The decorated firing of the dentate cells 
‘contrasts with the invariant discharge structure of 
grid cells upstream inthe medial entorhinal 
‘cortex (40-32) (Fig 4), The reduction in spat 
temporal coincidence coult be derived from the 
Jateral entorhinal cortex, but not by a straight- 
forward relay mechanism, because cells in this 
‘area do not exhibit reliable place modulation 


(37). [His thus likely that many of the underlying 
‘computations take place within the dentate yyrus 
itself, The use of a dedicated neuronal populs- 


tion for onhogonalization of small differences 
{in input to the CA fields enables the hippocam- 


pal network to encode the full varity of expe- 
rience in a more diversified manner than what 
‘could be accomplished with attractor networks 
alone. 
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Experimental Realization of Wheeler's 
Delayed-Choice Gedanken Experiment 


Vincent Jacques,* € Wu, Frédéric Grosshans,* Francois Treussart,* Philippe Grangier,? 


‘Alain Aspect,? Jean-Francois Roch" 


‘Wave-particle duality i strikingly ilustrated by Wheeler's delayed-choice gedanken experiment, 
‘where the configuration of a two-path interferometer is chosen after a single-photon pulse has 
centered it Either the interferometer is closed (that is, the two paths are recombined) and the 
interference is observed, or the interferometer remains open and the path followed by the photon 
is measured. We report an almost ideal realization of that gedanken experiment with single 
Photons allowing unambiguous which-way measurements, The choice between open and closed 
Configurations, made by a quantum random number generator, is relativstcally separated from 


the entry of the photon into the interferometer. 


oung’s double-slit experiment, realized 
with particles sent one ata time through 
fan interferometer, is at the heart of 


‘quantum mechanics (D). The striking feature is 
that the phenomenon of interference, intepreted 
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asa wave following 10 paths simultansously is 
incompatible with our common-sense represen 
tation of a particle following ane route or the 
‘other but not both. Several single-photon inter- 
ference experiments (2-6) have confirmed the 


wave-particle duality of th 
derstand their meaning, consider the single 
Photon interference experiment sketched in 
Fig, [In the closed interferometer configuration, 
2 single-photon pulse is split by a first beam- 
splitter Bq oF a Mach-Zehnder interferometer 
and travels through it until a second beamsplitter 
BS pope FECOMbIneS the two interfering arms. 
When the phase shift ® between the two arms is 

avid, interference appears as a modulation of 
the detection probabilities at output ports I and 2, 
respectively, as 60s and sin? «. This result is 
the one expected for a wave, and as Wheeler 
pointed out, “[this} is evidence ... that each ar- 


light field, To un 
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riving light quantum has arrived by bot routes” 
(7), If BScapa iS removed (the open contigu- 
ration), each detector DI or D2 on the output 
pnts is then associated with a given path of the 
inerferometer, and, provided one uses true singhe- 
photon light pulses, “feither] one counter goes off, 
for the other. Thus the photon has traveled ony 
‘one route” (7), Such an experiment supports 
Bohr’s statement that the behavior of a quarstum 
system is determined by the type of measurement 
performed on it (8). Moreover. it is elear that for 
the two complementary measurements consi 
cred here, the comesponding experimental set- 
Tings are mutually exclusive: that is, BSagyuc 
‘cannot be simultaneously present and absent 

In experiments where the choice between 
the two settings is made long in advance, one 
‘vould reconcile Bohr’s complementarity with 
Einstein's local conception of the physical 
reality, Indced, when the photon enters t 
ferometer, it could have received some “hidden 
information” on the chosen experimental con- 

iguration and could then adjust its: behavior 

accordingly (9), To rule out that too 
interpretation of quantum mechanical comple- 
mentarity, Wheeler proposed the “delayed 
choice” gedanken experiment in which the 
choice of which property will be observed is 
made after the photon has passe! Sip “Thus 
‘one decides the photon shall have come 
route or by both routes ater it has already done 
its travel" (7), 

Since Whoeker’s proposal, several delayed 
choice experiments have been reported (10-15), 
However, tone of them fully followed the 


Fig. 1. Wheeler's delayed-choice gedanken 
‘experiment proposal. The choice to intro- 
duce or remove beamsplitter (closed 
‘or open configuration fs made only after 
the passage of the photon at BSnqur 30 
that the photon entering the interfer 
cometer “cannot know" which of the two 
complementary experiments (path difer- 
ence versus which-ay) wil be performed 
at the output. 


Fig. 2. Experimental realization of 
‘Wheeler's gedanken experiment Single 
photons emited by a single N-V color 
‘enter are sent through a 48-m polar- 
‘uation interferometer, equivalent to 3 
time of fight of about 160 ns. A binary 
random umber 0 or 1, generated by 
the ORNG, drives the EOM voltage 
between V = 0 and V= Ve within 
40 ns, after an electronic delay of 
80 ns. Two synchronized signals fom 
the dock ae used to trigger the single- 
photon emission and the QNRG. Inthe 
laboratory frame of reference, the 
random choice between the open and 
the closed configuration is made simal- 
taneously with the enty ofthe photon 


original scheme, which required the use of the 
single-particle quantum state as well as reb 
atvistic space-tike separation between the choice 
of interferometer configuration and the entry of 
the partick into the interferometer. We report the 
realization of such a delayed-choice experiment 
Jina scheme close to the idcal original proposal 
(Fig. 1). The choice to insert or remove BS 
is randomly decided through the use ofa quan- 
tum random number generator (QRNG). The 
QRNG is located close 1 BSyyy ane is far 
enough fom the input so that no information 
about the choice can reach the photon before it 
pases throush BS eye 

Our single-photon source, previously devel- 
‘oped for quantum key distribution (/6, 17), is 
based on the pulsed, optically excited photo 
luminescence ofa singh nitrogen-vacancy (N-V) 
color center in a diamond nanocrystal (/8). Atthe 
single-emitter level, these photoluminescent cen 
ters, which can be individually addressed with 
the use of confocal microscopy (/9) have shown 
unsurpassed efficimey and photosabiity at room 
temperature (20, 22. In addition, itis possible 10 


The delayedehoice scheme is implemented 
a follows. Lincaly polarized single photons are 


sent by a polarization beamspliticr BSyyut 
through an interferometer (length 48° m) with 
two spatially separated paths associated with 
‘orthogonal $ and P polarizations (Fig. 2), The 
movable output beamspitler BSayy Consists of 
the combination of a half-wave plate, a polar 

tion beamspliter BS’. an electro-optical modula 
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tor (EOM) with its optical axis oriented at 22.5° 
fiom input polarizations, an a Wollaston prism, 
The two beams of the interferometer, which are 
sutially separated and orthogonally polarized, 
ae fist overlapped by BS’ but can still be 
ously identified by their polarization, 
Then, the choice between the 1wo inerferometer 
configurations, closed or open, is realized with 
"OM, which can be switched between tw 
different configurations within 40 ns by means of 
at homebuilt fst driver (6): Either no voluge is 
orits half-wave voltage Fis 
In the first case, the situation 
corresponds to the removal of BS juga and the 
two paths remain uncombined (open configu 
ration), Because the original Sand P polar 
izations ofthe two paths ae oriented along prism 
polarization eigenstates, each of one 
detector DI or D2 placed on the output ports is 
associated with a specific path (path | 
respectively), When the I voltage is 
EOM is cquivakent 10 a halfwave plate 
ruta the input polarizations by an angle of 4S 
The prism then reeombines the two rotated 
polarizations that have traveled along dlfferent 
‘optical paths, and interference appears.on the two 
‘ouiput pons. We then. have the closed intrfer- 
‘meter configuration (22) 

To ensue the relativistic space-tike separation 
between the choice of the interferometer config- 
lation and the passage of the photon at BSygue 
‘we configured the EOM switching process to be 
randomly decided in real time by the QRNG 
located close 1 the output of the interferometer 
(48 m from BS The random number is get 
crated by sampling the amplified shot noise of 
‘white-light beam. Shot noise isan inti 
quantum random process, and its value at a 


ssiven time cannot be predicted (23), The timing 
fof the experiment ensures the required rel- 
ativistic space-like separation (22), Then, no 


information about the interferometer configu: 
ration choice can reach the photon before it 
centers the interferometer. 

The single-photon behavior was first tested 
using the two output detectors feeding sine ad 


into the interferometer. Taking advantage ofthe fac that the QNRG is located at the output ofthe interferometer, such timing ensures thatthe photon enters the 
future ight cone of the random choice when itis at about the middle ofthe interferometer, long after passing BS rye. 
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coincidence counters With BSyupuc removed 
(open configuration), We used an approach 
similar to the one described in (2) and (6). 
‘Consider arun corresponding to Nr trigger pulses 
ippicd to the emiter, with Ny counts detected in 
path 1 of the interferometer by D1, Ny counts 
detected in path 2 by D2, and Ne detected co- 
neidences corresponding 10 joint photodetee- 
tions on DI and D2 (Fig. 2). Any description in 
Which light i treated as a classical wave, such as 
the semiclassical theory with quantized photo- 
doctors (24), predicts that these numbers of 
counts should obey the inequality 


o 


Violation of this inequality thus wives a quanti- 
tative criterion that characterizes. nonclassical 
behavior, Fora single-photon wavepacket, quan= 

s perfet anticorclation (ic, 
«> 0) in agreement with the intuitive image that 
single panicle cannot be detected simulta- 
neously in the two paths of the interferometer 
(2). We measured a= 0.12 0.01, hence we are 
indeed close 10 the pure singk-photon regime, 
The nonideal value of the e parameter is duc 19 
resklual background photoluminescence of the 
diamond sample and to the 60-phonon Raman 
scattering line, which both produce uncorrelated 
Photons with Poissonian statistics (6), 

With single-photon pulses in the open 
configuration, we expected each detector DI 
and D2 10 be unambiguously associated with a 
tziven path of the interferometer. To tet this 
point, we evaluated the “Which-way” information 

unter = (Ny ~ Na)(V4 © Nad 25-28) by 
blocking one path (e.e., path 2) and measur- 
ing the counting rates at DI and D2. A value of 
1 higher than 0.99 was measured, limited. by 
detector dark counts and residual imperfections 


Fig. 3. Results of the delayed-choke 1600 
‘experiment. The phase shift «b (indicated 
with arbitrary origin) is varied by tilting 
BS’, Each point, recorded with acquisition 
time of 1.9 s, corresponds to the de- 
tection of about 2600 photons. The 
detector dark counts, 59 5 for D1 (hive 
points) and 70 5° for 02 (red points, 
have been subtracted from the data. (A) 
‘Cases when Ve is applied on the EOM 
(closed configuration) interference with 
94% visibility i obtained. (B) Cases 
when no voltage is applied on the EOM 
(open configuration), no interference is 
‘observed and equal detection probabil- 
ities (0.50 + 0.01) on the tho output 
ports are measured, corresponding to 
full knowledge of the complementary 
which-way information (parameter 
‘greater than 99%). 


A 


I: 


‘ofthe optical components. The same value was 
‘obtained when the other path was blocked (e2.. 
path 1). Inthe open configuration, we thus have 
an almost ideal which-nay measurement 

The delayed-choice experiment itself is 
performed with the EOM randomly switched 
for cach photon sent into the interferometer, 
ccomesponding to a random choice between the 
‘open and closed configurations. The phase shift 
4 between the two interferometer anns is varied 
by tilting the second polarization beamsplitter 
BS’ witha picancloctic actuator (PZT), For cach 
photon, we recorded the chosen configuration, 
the detection events, and the PZT pasion, All 
raw data were saved in real time and were pro 
‘cessed only after a run was completed. For each 
PZT position, detection events on DI and D2 
‘corresponding to each configuration were sorted 
(Fig 3). Inthe closed configuration, we observed 
interference with 0.94 visibility, We attibute 
the departure from unity to an imperfect overlay 
Of the two interfering beams. In the open con- 
figuration, interference totally disappears. as 
evidenced by the absence of modulation in 
the two output ports when the phase shift 
was varied. We checked that in the delayed- 
choice configuration, parameters wand / kept 
the same values as measured in the prelimi- 
nary tests presented above. 

‘Our realization of Whecks's detayed-choice 
gedanken experiment demonstrates. that the 
‘behavior of the photon in the interferometer 
depends on the choice of the observable that is 
measured, cven when that choice és made at a 
position and a time such that tis separated from 
the entrance ofthe photon into the interferometer 
bby a spacelike interval, In Wheck’s words, as 
no signal traveling ata velocity less than that of 
Hight can connect these two events, “We have a 
strange inversion of the nomal onder of time. 

wr. by moving the mirror in or out have an 
unavoidable effect on what we havea right say 


Phase shit © (rad) 


ox an 6x ‘x 
Phase shift © (rad) 


Ox 


about the already past history of that photon” (7), 
Once more, we find that nature behaves in 
agement with the predictions of quantum 
mechanics even in surprising situations where a 
tension with relativity seems to appear (29), 
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Multiple Energy Scales at a 
Quantum Critical Point 


P, Gegenwart,1*t T. Westerkamp,? C. Krellner,? ¥. Tokiwa,*t S. Paschen,*5 


, Geibel,? F. Steglich,? E. Abrahams,” Q, Si* 


‘We report thermodynamic measurements in a magneticfield-driven quantum critical point of 3 


heavy fermion metal, YORhaSia. The data provide evidence for an energy scale i 


the equilibrium 


‘excitation spectrum that is in addition to the one expected from the slow fluctuations of the order 
parameter. Both energy scales approach zero as the quantum critical point is reached, thereby 
Providing evidence for a new class of quantum criticality. 


uantum riticality encodes the strong 

uctustions of matter undergoing a 

sevond-onder phase transition at zero 

npeTiture, It underlies the unusual propertics 

‘observed i a host of quantum materials. A basic 
question that remains unsettled concems its 

theoretical description, which is chal 
jg because the Nustuations are both collse- 
tive and quantum mechanical, One class of 
theory, fascd on the trational formulation of 
cil eritial phenomena (1). considers the 
‘uations of classical variabke-Laudau’s 
‘onder parameter in both spatial and temporal 
dimensions (2-5), The slowing down of 
‘one-parameter Muctuations accom. 
patil correlation fength;at each 
of the tuning parameter, the equilibria 
bey spectrum contains 3 sing-excitation 
cenengy scale, which vanishes at the quantum 
critical point (QCP) (6). An unconventional 
class of theory (7-9) by contrast. is inherently 
‘quantum mechanical it explicitly invokes quan- 
tum entanglement effects, which are manifested 
through vanishing energy seakes that ane in ag 
dition to the one associated with the shwwing 
down of onfer-parameter Muetuations, The sa 
ture of quantum eftiality can therefore be © 
Perimentally clcidated by determining whether 
single oF nvutiple energy scales vanish as the 
QCP is reached. 

We consider the heavy-fermion metal 
YbRhySip (YRS) and show that multiple energy 
seales vanish as its QCP is approached and. in 
\ldition, suggest that critical electronic modes 
‘coetist with the slow fluctuations of the mag- 
netic order parameter. A direct way to probe 
the intrinsic eneny seales in the equilibrium 
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‘spectrum near a QCP is to measure thermody- 
namic properties. Another approach is to 
measure the fluctuation spectrum in equilibri- 
uum, for example by inelastic neutron scatter 
ing experiments. Such equilibrium methods 
are in contrast to transport experiments, which 
are influcneed by electronic relaxational prop 
erties, especially for anisotropic and multi- 
band systems, 

As exinsetion of critical enemy scales re- 
quires measurements through fine steps of the 
‘control parameter, which is nearly impossible 
for inelastic neutron scattering, we report here 
measurements of thermodynamic properties of 
YRS across its magnetic QCP. 

We chose t work with the tetragonal 
heavy fermion compound YRS because it 
presents a clean and stoichiometric material 
that is well characterized (/0), In the absence of 
an extemal magnetic fil, YRS shows very weak 
antiferomagnetic (AF) order at Ty = 70: mK, 
With an ordered moment of only ~10% yb 


(ID. A sinall magnetic Geld (Hye = 0.06 T 
for the field applied within the easy ab plane, 
and Hye = 0.66 T ¢ hand © avis) 
Suppresses the transition temperature and 


accesses the QCP (/2). The ability to use 


Fig. 1, Magnetictield dependence of 
the magnetostrction of YbRh,Siz. The 
symbols represent the linear coefficient 
xa = Clnk ICH (whee is the sample 
length along the [110} direction within 
the tetragonal ab plane) versus H at 
various temperatures. Note that 240) < 0 
and that the data sets have been shifted 
by different amounts vertically. The 
sharp feature in the 0.02 K data cor- 
responds to a discontinuity in (as is 
more clearly seen in the measured length 
versus H, which shows a change in stope 
but does not contain any discontinuity), 
demonstrating the continuous nature 
‘of the magnetic transition at the crit- 
ical field of 0.05 T. Similar behavior is 


or 
~Aiyg (10°F ") 
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such a small magnetic field to access the QCP 
makes YRS suited for our purpose: the deter- 
ination of enengy scales requires scanning 
across the phase transition, and an extemal 
‘magnetic field ean be tuned with relative ease 
and continuously. Hall effect measurements 
(23) on YRS have shown a large and rapid 
crossover in the Hall constant at temperature 
pendent magnetic field away fom the antifer- 
romagnetic transition, In the zero-emperature 
limit, this crossover extrapolates 10 a jump 
across the QCP, which has been interpreted as 
3 lame change of the Ferni surface volume. 
This represents yet another advantage of mea- 
suring the thermodynamic properties in YRS 
because they can be compared With their trans 
pont counterparts 

‘We measured the isothermal linear mag- 
netostriction And. (CH, where Lis the length 
slong the [110] dinetion within the tetragonal 
‘ah plane, and the magnetic field 1 is applied 


along the same direction (Hc). Figure 1 shows 
the magnetostriction as a function of the 
‘magnetic field, at temperatures ranging from 
0.02 Kw 0.8 K. For temperatures. below 


0.075 K, a clear discontinuity is observed 
when suppressing the AF order by a critical 
magnetic field, At T> 0.075 K, itis seen that, 
for a small magnotic field, the isothermal 
‘magnetostriction linearly depends on the mag- 
netic field as is the case in typical metals (/4), 
Beyond a crossover fickd, however, there is a 
change 10 a highefield region with a different 
slope. The crossover field decreases asthe 
perature is reduced. 

To understand this crossover, we compare it 
with the fiekddependent isothermal behavior of 
‘ther thermodynamic an! transport quantities. 
Figure 2A illustrates the similarity ofthe eross- 
‘over in the magnetostriction to that seen in the 
ficklependent isothermal Hall resistivity. py 
(measured with Hc). The Hall eoeficient was 
described (73) by an empirical crossover 


028 


050 
‘H(T) 


0751.00 


observed at various different temperatures below 0.075 K, for example, at 0.03 K and 0.05 K. 
The solid lines for T > 0.13 K are fits using the integral of the crossover function f(H,7), which 
reveal a characteristic field scale Ho(T) along which the magnetostriction shows a drastic change 


in slope. 
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Fig, 2. Energy scales in YoRRSi, = 
determined from thermodynamic, 

magnetic, and transport measure- 
ments. (A) The field dependence 
Wd ofthe magnetostrction aap 
M = M+ XH (where = CCH, 
and the Hall resistivity py for Hlle 
(forthe later, the field values have 
been divided by the anisotropy 
factor 13.2, which coresponds to 
the rato ofthe critical feds in the ° 
Hall and magnetestrction measure- 0 
iments), respectively, all at = 0.5 K 

similar behaviors observed at other i) 
temperatures, For Aingi-<), the ® 
sample has a residual resist 0 
(05 ud cm and He = 0.05 T; fr Mt (Hc), the sample has po = 1.0 62 cm and 
+H, = 0.06 T; and for py(Hlt ©), the sample has po = 1.0 62.m and H,= 0.66 T. 
The solid lines comespond to fits using the integral of the same crossover 
Function H,7) Each data set has been normalized by its nitial slope. For clarity, 
the three data sets have been shifted by diferent amounts vertically: This & 
represented by the three separate zeo marks along the vertical ais forthe three 
‘quantities. py — ya Where py isthe anomalous Hall esstiity (23), behaves 
similarly top, We analyzed AAP}, which isthe field derivative of the magnetic 
free energy contribution (-M x Hi; fiting MI) leads to similar conclusions, 
although the quality ofthe fit is somewhat poorer because A versus H i not as 


arb, units 


0002550 


funetion ofthe form AULT) =da~-Ayvlt ® Fige 3+ Longitudinal mag- 1.5 
(HN): the erossover fehl scale Hol T) is netoresistiviy of YOR, Sie as 
equivalent to scale 7%. We have p wessus H (Ho) at various 
analyzed the temperatures. The maxima in 
the existing magne 415,16), the 0.03 and 007 K data 
With the same erassover function. No corre- indicate the boundary of the 


sponding anomalies can be resolved in the 
Wa for Hic (16), which is 
almost linear in H, The solid curves in Fig 
1 and Fig. 2A correspond to fits of yoy 40 = 
AM © aff and the Hall wesstivty py Fi 
shows the three sets of Ho(7) obtained from 
Such fits, Their overlap represents a key eo 
chision of the present work: it suggests that 
they define one energy scale 7*(H1). This scale 


‘AF ordered state Ty = 0) = 
0.075 KJ. The arrows mark 
the positions of inflection = 
points in pl). The inset A 2 
‘iy splays the phase diagram, 
be where the gray shaded area 
represents the range of Ho(7) 
values shown in Fig. 28. 
Open yellow triangles mark 
‘the positions of the inflec- 


T(K) 


075 H(T) “0.0 O41 02 ~~ H(T) 


tinear as tat high fields (fig. $2). (B) The crossover field scale Ho as determined 
from magnetostrition, di, and Hal resistivity using the same symbols as in A. It 
's equivalent to the energy scale T°, The gray diamonds and triangles 
represent, respectively the Néel ordering temperature (Jy) and the crossover 
temperature (un) below which the electrical resistivity has the Fermi tiquid 
form p = po + AT®, as determined from measurements on a single crystal with 
Po = 0.542 cm and H, = 005 T. The solid and doted lines are guides tothe 
«ye; forthe later, data points outside the plotted field regime have also been 
sed. The horizontal ertor bars represent the fitting error rather than the width 
of the crossover. 


isscen to he distinct from citer the transition ton points n the longitud 
ssmperature (7y) forthe magnetic ordering at nal electrical resisiviy. The gs 
u< i the seale (7yp_) for the e: ‘smeared kink behavior in the 0.0 


lablishment of the Landau Fenn fiquid state 
At H> He, For all three quantities, the width of 
the crossover extrapolates to zero at T= 0, 
mplying that the differentials ofthe magneto~ 
on, magnetization, and Hall resistivity 

emiperature limit 


(supporting onl 
‘The resulls raise the important question of 


‘isothermal At versus H cor- 
responds to a peak in the T 
dependence of z. The latter has been observed (20); the corresponding peak temperature versus H for a 
‘sample with pg = 0.5 62 cm and H, = 0.05 T is displayed by the dark blue diamonds and found to be 
«consistent with Ho(D. Inset B display the derivative dp/dH versus Hat both T= 0.1 K and 
‘mark the minima, corresponding tothe inflection points in pi). 


A(T, 


13K Arrows 


the causal relation between the thermodynamic 
and electronic transport propertics. One might 
argue (/7) that the Halleffeet evolution as a 
finetion of the magnetic fick (/3) is caused by 
the Zeeman spliting of the Fenni surface in- 
‘duced by the magnetization (and reflected in the 
maynetostriction). However, the magnetization 
‘only displays a smeared kink, and the corre 
sponding Fermi surface change would at most 
produce a smeared kink in the evolution of the 
Hall coefficient; such a kink i too weak com- 
pared with the smeared jump seen experimen 


970 


tally. Moreover, along the © axis, even such a 
smeared kink feature is assent in the magneti- 
zation versus the magnetic field. Instead, it is 
more natural to view the nonanalyticties in 
both the magnetostriction and magnetization as 
thermodynamic manifestations of the lange 
Femi surface jump caused by an felectron 
localization. 

To explore this issue further, we have also 
stugied the longitudinal magnetoresistivity 
Figure 3 shows the electrical resistivity p as a 
function of the magnetic field (Hic), at various 


temperatures. The broadened steplike decrease, 
observed at all emperatures, corresponds the 
crossover observed inthe other properties 
Indeed, as shown in inset A, the crossover 
fields determined from the minima of the 
derivative dpldif (inset B) fall on the same 
T*UH) line determined from the magnetostic- 
tion, magnetization, and Hall effect. In addition, 
inset B shows that the width of the crossover 
decreases as the temperature is lowered. A. 
detailed analysis shows that the crossover 
width goes 10 zero in the zero-temperature 
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° qe 
Fig, 4. Sketch ofthe suggested q dependence of 
the Weiss temperature Gq, which enters. the 
magnetic susceptibility. AS H reaches Ho it 
vanishes atthe antiferromagnetic wave vector Q, 
25 shown. In addition, Q, has a second minimum 
at q = 0. Ferromagnetic fluctuations at q 
remain important 35 Oy « q Goes to zer0, 


limit (supporting online text) implying a jump 
in the residual resistivity actoss the magnetic 
QCP. This is in accordance with the theoretical 
expectations (78, 19) associated with an 
‘ecetron localization transition. 

Figure 3, inset A, also shows the temperature 
scale as a fietion of Field, extracted from the 
peak in the Edependence of the differential sus 
ceptibilty qe ~ CMH: the later, observed 
earlier (20), necessarily accompanies the 
scared kink behavior in the isothermal Mf ver 
‘sus 7. Its clearly seen that this seake too falls on 
the same TH) line. 

Our results shed! light on the overall phase 
diagram of this ckan stoichiometric quantum 
critical material, Nuclear magnetic resonance 
(NMR) measurements (2/), while signaling the 
dominance of AF fluctuations in dhe quantum 
critical regime, have also revealed: enhanced 

tin, 
‘on the order oF 0185, 
responding ratio for non 
weracting clectrons, Further evidence for 
nhnced Ferromagnetic uctations has come 
from magnetization measurements (20) The 
Wilson ratio Ryy = hy" iohteee) * iY with 
Herr= 1.4 fy/Yb (22) is strongly enhanced for 
‘an extended region of the phase diagram. It is 
already large (~20) for magnetic fields of a few 
teslas and further increases as the field is 
reduced toward H,. Therefore, it could be 
tempting to consider the q ~ 0 magnetic 
‘Auctuation as the dominant critical fluctuation 
(17), especially because a conventional ferro- 
magnetic QCP would yield a Grineisen 
exponent (23) 0 
observed in YRS (24), This picture is proble- 
matic for a number of reasons, however, Ft, 
neither theee-timensional (3D) noe 2D fero- 
magnetic spin fluctuations can generate the 
fractional exponent observed in the temperature 
dependence of the uniform spin suseeptbiity 
(20), Second. ferromagnetic spin fluctuations 
would lead 0 a divengent 1/7) (17%, with x 
1/3 and 1/2 for 3D and 2D cases, respectively) 
‘that is in contrast to the observation that 1/7) is 
approximately constant when the NMR mea- 
‘surement field is extrapolated 10 the quantum: 
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critical regime (1), Third, because ferro- 
‘magnetic spin fluctuations are inefficient in af- 
feeting charge transport, this picture contradicts 
the observation ofa nearly H-independent ratio 
ADE that accompanies a strongly H-dependeet 
A and 7, (20). Here, A is the coefficient of the 
T? component of the resistivity. 

The data presented here show that the nie 
form magnetization (q = 0) depends on the same 
‘undesying physics as that forthe change trans- 
port. Because the transport is dominated by 
large q fluctuations, the results imply that the 
4 = 0 magnetic fluctuations are a pan of 
overall fluctuations in an extended range of 
wave-vector seals. It is then more natural to 
assume that the dynamical spin susceptibility 
at different wave vectors obeys the same form 
(8. 25) as that observed in another prototyp- 
ical quantum critical heavy fermion metal, 
CL Uc gto U7 GTA ~ [Og * TET" 
Atte QCP, the Weiss fick atthe antierromag. 
netic wave vector (q= Q) vanishes: @g=0. At 
the same time, and unlike for CoCus AU 1 
Og-o is very small in YRS. Based on the 
saturation scale seen in the temperature de- 
pendence of the uniform magnetic suscep- 
tibility (20) and the NMR Knight shift data 
(21D) near He, we estimate ®q » 9 0 be on the 
‘onder of 0.3 K (26). When 4 moves away from 
either 0 or Q, O, increases to the order of the 
Ruderman-Kittel-Kasuya-Yosida (RKKY) in- 
teraction or bare Kondo seale fabout 25 K for 


YRS (/0)), as illustrated in Fig. 4. The en- 
hanced uniform magnetic suscep the 
concomitant enhanced Wilson ratio (20), and 


the small $= 1/7) TA? naturally follow from 
this picture, Moreover, both Zq-o and Zquq 
scale similarly with /1, and the observation 
that 4/72 is nearly H-independent is in fact a 
manifestation of an Hlndcpendcat Az. All 
this leads to the conclusion that the origin 
fof the T* fine ties in an electronic slowing 
down and, for YRS, the strong q = 0 fluctua 
tions happen to be a consequence of the latter 
as well 

We now tum 10 more detailed theoretical 
implications of oar results. Our measurements 
‘tablish thatthe energy scale 7* is associated 
with the equilibrium many-body spectrum 
(which alone determines. thermodynamics). 
Moreover, this sea & distinet from the Landau 
Fermi liquid scak, Tyre, because physical quan- 
tities manifest rather different behavior across 
the two scales (supporting online text). Finally, 
both of these scales vanish at the QCP. These 
findings contradict the conventional onder- 
parameter fluctuation theory in at eat wo 
respects. Firs, the only low-cneruy scale in that 
theory is associated with the magnetic slowing 
down which, for H > H., is Tus (2-5). Secon, 
within that theory, a sharp feature in thermody 
namics and transport quantities might arise near 
Ty only. 

‘Our results are instead consistent with mag- 
netic quantum criticality accompanied by the 
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destruction of Kondo entanglement, In the 
form of local quantum criticality (7, 8), a col 
lapse of a large Fermi surface as 11 decreases 
Ikads wo an added energy scale characterizing 
an electronic slowing down and, in addition, 
yields a zero-temperature jump’ in the Hall 
‘coefficient and in the fick! differentials of the 
thermodynamic quantities. An additional van- 
ishing energy scale also exists in the “devon 
fined” quantum criticality scenario for insulating 
quantum magnets (9), a well asin its extension 
to itinerant electron systems (27, 28) that are 
argued 10 be relevant to quantum ertical heavy 
fermion metals 
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Clustering by Passing Messages 
Between Data Points 


972 


Brendan }. Frey" and Delbert Dueck 


Clustering data by identifying a subset of representative examples is important for processing 
sensory signals and detecting pattems in data. Such “exemplars” can be found by randomly 
‘choosing an initial subset of data points and then iteratively refining it, but this works well only if 
that initial choice is close to a good solution. We devised a method called “affinity propagation,” 
which takes as input measures of similarity between pairs of data points. Real-valued messages are 
‘exchanged between data points until a high-quality set of exemplars and corresponding clusters 
gradually emerges. We used affinity propagation to cluster images of faces, detect genes in 
microarray data, identity representative sentences in this manuscript, and identify cities that are 
efficiently accessed by airline travel. Affinity propagation found clusters with much lower error than 
‘other methods, and it did so in less than one-hundredth the amount of time. 


lusting data hased on a measure of 
( imilaity is a eritical step in scientific 
data analysis and in engineering sys- 
tems. A common approach is to use data to 
eam a sot of centers such that the sum of 
squared errors between data points and their 
nearest centers is small, When the centers are 
elected from actual data points, they are called! 
examplars.” The popular A-centers chstering 
technique (7) begins with an initial set of ran- 
domly selected exemplars and iteratively refines 
this set 30 as to deerease the sum of squared 
certors. Acenters chatering is quite sensitive to 
the intial seletion of exemplars, soit és usually 
rerun many times with different initatizations in 
an atempt to find a good solution. However, 
this works well only when the number of chas- 
ters is small ankl chances are wood! that at east 
‘one random initialization is close 10 a good! 
solution, We take a quite different approach 
and introduce a method that simultancously 
‘considers all data points. as potential exem- 
plars, By viewing each data point as a node in 
a network, we devised a method that recur- 
sively transmits realvalued messages along 
edges of the network until a good s 
cemplars and corresponding clusters emerges 
AAs deseribed later, messages are updated on 
the basis of simple formulas that search for 
‘minima oF an appropriately chosen energy 
function, At any point in time, the magnitude 
‘of each message reflects the current affinity 
that one data point has for choosing another 
data point as its exemplar, so we call our meth- 
od 'Y propagation.” Figure 1A illus 
trates how clusters gradually emenge during 
the messave-passing procedure. 
Affinity propagation takes as input a col 
lection of real-valued similarities between data 
points, where the similarity (iA) indicat 
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how well the data point with index kis suited 
to be the exemplar for data point i. When the 
goal is to minimize squared error, each sim- 
ilarty is set 10 a negative squared error (Eu- 
clidean distance): For points x, and xg. i,k) = 

x, ~ i>. Indeed, the method deseribed here 
«ean be applied when the optimization criterion is 
rmueh more general. Later, we describe tasks 
Where similarities are derived for pairs of im 
ages, prs of microarray measurements, pais of 
English sentences, and pairs of cities. When an 
‘exemplardependent probability mede! is avail 
able, s(.4) can be set 1 the log-likelihood of 
data point / given that its exemplar is point k 
Atcrnatively, when appropriate, similarities 
may he set by hand. 

Rather than requiring that the number of 
clusters. be prespecifiod, affinity. ropagation 
takes as input a real number sU:4) for each data 
point & so that data points with larger values 
(of stk) are more likely 0 be chosen as ex- 
cemplas. These values are referred to as “pref 
erences.” The number of identified exemplars 
(number of clusters) is influenced by the values 
‘ofthe input preferences, but also emerges from 
the message-passing procedure. If a priori, all 
data points are equally suitable as exemplars the 
preferences shoul be set to a common value 
this value can be varied to produce different 
numbers of clusters. The shared value couk! 
be the median of the input similarities (resulting 
in a moderate number of clusters) or their 
minimum (resulting ina small number of 
clusters). 

There are two kinds of message exchanged 
between data points, and each takes into ac- 
count a different kind of competition. Mes- 
sages can be combined at any stage to decide 
Which points are exemplars and, for every 
‘other point, which exemplar it belongs wo. The 
“responsibility” ri.) sent from data point /10 
candidate exemplar point &, reflects the ac- 
cumulated evidence for how well-suited point 
A isto serve as the exemplar for point i taking 
into account other potential exemplars for 
point / (Fig. 1B) The “availability” of), sent 


fiom candidate exemplar point & to point i, 
reflects the accumulated evidence for how 
appropriate it would be for point 1 10 choose 
point & as its exemplar, taking into account the 
support from other points that point & should be 
an exemplar (Fig. IC). r(4) and a(é&) can be 
viewed as 
with, the av alized 10 zero) 
Aik) = 0. Then, the responsibilities are com- 
pated using the rule 


rick) — s{isk) ~ may, {aik’) 4+ 9(i 4) 
vane 


ay 


In the first iteration, because the availabilities 
are zero, r(iA) is set 10 the input similarity 
between point / and point k as its exemplar, 
minus the largest of the similarities between 
point i and other candidate exemplars, This 

1 update is data-driven and does not 
inlo aecount how many other points favor 
‘cach candidate exemplar. In later iterations, 
when some points are effectively assigned 10 
‘other exemplars, their availabilities will drop 
below zero as prescribed by the update rule 
below. These negative availabilities will de- 
crease the effective values of some of the input 
similarities s(.4’ in the above rule, removing, 
the corresponding candidate exemplars from 
‘competition, For A = i the responsibility (kA) 
is set to the input preference that point A be 
chosen as an exemplar, A.A), minus the largest 
(of the similarities between point fank all othe 
candidate exemplars, This “selExesponsibil 
reflects accumulated evidence that point kis an 
exemplar, based on its input preference tem 
pered by how illsuited itis to be assigned to 
ancsher exemplar. 

Whereas the above responsibility update 
Jets all candidate exemplars compete for own- 
cehip of a data point, the Following availabil- 
ity update gathers evidence from data points 
as to whether cach candidate exemplar woul 
make a good exemplar: 


<atdk) — min {0,r(bsA) +> ma {0r474)}} 
a) 


Q) 
The availability a(ik) is set to the self 
responsibility r(.4) plus the sum of the positive 
responsibilities candidate exemplar & receives 
fiom other points. Only the positive portions of 
incoming responsibilities are added, because it 
isonly necessary fora good exemplar to explain 
some data poinis well (positive responsibilities), 
regardless of how poorly it explains other 
points (newative responsibilities). If the set 
responsibilty r(kA) is negative (indicating that 
point & is curently better suited as belonging 10 
another exemplar rather than being an exen- 
pilar itself), the availability of point & as an 
‘exemplar ean be inereased if'some other points 
hhave positive responsibilities for point & being 
their exemplar. To limit the influence of strong 


16 FEBRUARY 2007 VOL315 SCIENCE wwwsciencemag.org 


incoming positive responsibilities, the total 
sum is thresholded so that it cannot go above 
zero. The “selEavailability” a(k) is updated 
differently: 

alk) = & malorttan 


8) 


‘This message reflects accumulated evidence that 
point & is an exemplar, based on the positive 
responsibilities sent to candidate exemplar & 
fiom ther points. 

‘The above palate rules require only simple, 
focal computations that are easily implemented 
(2), and messages need only be exchanged be- 
tween pairs of points with known sinnilartics 
‘Aany point during affinity propagation, avail- 
abilities and responsibilities can be combined 10 
identify exemplars. For point /, the value of & 
that maximizes ati.k) + rVi.) either identities 
point (as an exemplar if k= oF identifies the 


A 


fwmauzaTion 


oa, 
~ 4 _——s 


daca point that i the exemplar for point i. The 
message-passing procedure may he terminated 
after a fixed number of iterations, after changes 
in the messages fall below a threshold, or afer 
the local decisions stay constant for some num 
ber of iterations. When updating the messages, 
it is important that they be damped to avoid 
‘numerical oscillations that arise in some cir- 
cumstances. Each message is set t0 1. times its 
value from the previous iteration plus I~ 2 
times its prescribed updated value, where 
the damping factor A is between 0 and 1. In 
all of our experiments (3), we used a default 
damping factor of 2 = 0.5, and each iteration 
of affinity propagation consisted of (i) up- 
dating all responsibilities given the availabil- 
ities, Gi) updating all availabilities given the 
responsibilities, and (iii) combining availabil- 
ities and responsibilities to monitor the ex 
‘emplar decisions and terminate the algorithm 
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when these decisions did not change for 10 
iterations. 

Figure 1A. shows the dynamics of affinity 
propagation applied to 25 two-dimensional data 
points (3), using negative squared emor as the 
similarity. One advantage of affinity propagation 
is that the number of exemplars need not be 
specified beforehand. Instead, the appropriate 
‘number of exemplars emenges from the message- 
passing method and depends on the input e- 
cemplar preferences. This enables automatic 
‘model selection, based on a prior specification 
‘of how preferable cach point is as an exemplar, 
Figure 1D shows the effect of the value of the 
‘common input preference on the number of 
clusters. This relation is nearly identical wo the 
‘elation found by exactly minimizing the squared 
erv0F (2) 

We next studied the problem of clustering 
images of faces using the standard optimiza 


Fig. 1. How affinity propagation works. 
(A) Alfinity propagation is ilustrated for 
two-dimensional data points, where nega 
tive Euclidean distance squared erro) was gy 
Used to measure similarity, Each point is 


colored according to the current evidence Sending responsiites 


that itis a cluster center (exemplar). The 
darkness ofthe arrow directed from point i 
10 point k corresponds to the strength of 
the transmitted message that point 
belongs to exemplar point k. (B) "Respon- 
sibilities” 18) ae sent from data points to 
candidate exemplars. and indicate how 


= 

7 = 
e 

a 

Sere. yd 


date exemplar over other candidate exem- 
plars. (€) “Avalabilites” of{A) are sent 
from candidate exemplars to data points 


cance 
eemete 


aa poet 


1000-100 10 
‘Value of shared preference 


a1 


and indicate to what degree each candidate exemplar is available as a cluster center forthe data point. (D) The effect of the value of the input preference 
(common for all data points) on the number of identified exemplars (number of clusters) is shown. The value that was used in (A) is also shown, which was 
‘computed from the median of the pairwise similarities. 
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tion criterion of squared error, We used both 
Minty propagation and Ascentersehscring to 


extracted ffom the Olivetti face database (3), 
Affinity. propagation found exemplars with 
much lower squared error than the best of 100 
runs of Aeenters chistering (Fig. 2A), which 
took about the same amount of computer time: 
We asked whether a huge number of random 
restarts of &-centers clustering eould achieve the 
same squared ertor, Figure 2B shows the error 
achieved by one run of afinity propagation and 
the distibution of emars achicved by 10,000 
runs of A-conters clustering, plotted! against the 
number of clusters. Affinity propagation uni- 
fommly achieved much lower emor in mone than 
two orders of magnitude fe time, Another pop 
ular optimization criterion is the sum of ab- 
solute pixel differences (which better tolerates 
‘oultlying pixel intensities), so we repeated the 
above procedure using this error measure. AMfin- 
ity propagation again uniformly achieved lower 
cemor (Fig, 20), 
‘Many tasks require the ientitication of ex- 
mplars among sparsely related dit, i. where 
most similarities are either unknown or large 
and negative, To examine alinity propagation in 


this context, we addressed the task of clustering 
Ptative exons to find genes, using the sparse 
Similarity matrix derived from microarray data 
and reported in (4). In that work, 75.066 see- 
ments of DNA (60 hases long) comespondin 10 
putative exons were mined ffom the genome of 
‘mouse chromosome 1. Their transcription levels 
were measured across 12 tissue samples and the 
similarity betwoen every pair of putative exons 
(ata points) was computed. The measure of 
similarity between putative exons was based on 
their proximity in the genome and the degree of 
coordination of their transcription levels across 
the 12 tissues. To account for putative exons 
that are not exons (¢, itrons), we included an 
‘addtional anficial exemplar and determined the 
Similarity of each other data point w this "non- 
exon exemplar” using statistics taken over the 
entire data set. The resulting 78.067 » 75,067 
similarity matnx (3) consisted of 99.73% sme 
ils with values of —, corresponding 10 
distant DNA segments that eoukd not possibly 
be purt of the same gene. We applic affinity 
Propagation 9 this similarity mati, but 

cause messages need not be exchanged between 
point Fan A if ik) = 5, each iteration of 
Aflinity propagation requited exchanging mex 


A 
beh ea) Shy ah ek sh apes) at 
Attinity 


Number of histers 


Fig, 2. Clustering faces. Eremplars minimizing the standard squared error measure of similarity were 
fentified from 900 normalized face images (3). For a common preference of ~600, affinity 
Propagation found 62 clusters, and the average squared error was 108. For comparison, the best of 
100 runs of K-centers clustering with different random initializations achieved 2 worse average 
squared error of 119. (A) The 15 images with highest squared error under either affinity propagation 
‘or centers clustering are shown in the top row. The middle and bottom rows show the exemplars 
assigned by the two methods, and the boxes show which of the two methods performed better for that 
‘mage, in terms of squared error. Affinity propagation found higher-quality exemplars. (B) The 
average squared error achieved by a single run of affinity propagation and 10,000 runs of kenters 
‘clustering, versus the number of clusters. The colored bands show different percentiles of squared 
terror, and the number of exemplars corresponding to the result from (A) fs indicated. (C) The above 
procedure was repeated using the sum of absolute errors as the measure of similarity, which is also a 
Popular optimization criterion. 


‘sages between only a tiny subset (027% oF 15 
million) of data point pais 

Figure 3A illustrates the identification of 
gene clusters and the assignment of some data 
points to the nonexon exemplar, The recon- 
‘struction errors for affinity propagation and k- 
centers clustering are compared in Fig, 3B 
For cach number of clusters, affinity propa- 
gation was run once ani! took 6 min, whereas 
A-cemters clustering was run 10,000 times and 
took 208 hours. To address the question of how 
well these methods perform in detecting. bona 
fide gone segments, Fig. 3C plots the tmuc- 
Positive (TP) rate against the false-positive (FP) 
rate, using the labels provided in the RefSeq 
datahase (5). Affinity propagation achieved sig- 
nificantly higher TP rates, especially at low 
FP es, which are most important 10 biolo- 
izists, ALa FP rate of 3%, alfnity propagation 
achieved a TP rate of 39%, whereas the best 


‘parison, af the same FP rat, 
for hicrarchical agglomerative clustering (2) 
was 19%, and the engineering tool described 
in (2) which accounts for additional bio- 
logical knowledge, achieved a TP rate of 43%, 

Ainty propagation’ ability to operate on the 
‘basis of nonstandard optimization criteria makes 
it suitable for exploratory data analysis using 
‘unusual measures of similarity, Unlike metric- 
space clistering techniques. such as k-means 
clustering (/), affinity propagation can be ape 
pied to problems where the data dont fie in a 
continuous space. Indeed, it can be applied 
problems where the similarities are not symmet 
fe [ie sth) # 4s) ane to problems where the 
similarities do not satisfy the triangle inequality 
ie, i) < iy) © 9 Jd} To identify a small 
‘number of sentences ina draft ofthis manuscript 
‘that summatize other sentences, we treated each 
sentence as a “hay of words” (6) and computed 
the similarity of sentence to sentence k based on 
the cost of encoding the words in sentence fusing 
the words in sentence &, We found that 972% of 
the resulting similarities (2, 3) were not syrmt 
ric. The preferences were adjusted 10 identify 
(using & = 0.8) different numbers of represeni- 
tive exemplar sentences (2), and the solution with 
four sentences is shown in Fig. 4A. 

We also applied affinity propagation to ex- 
plore the problem of identifying a restricted 
‘number of Canadian and American cites that 
are most easily accessible by lange subsets of 
‘other cities, in terms of estimated commercial 
airline travel time, Each data point was a city 
and the similarity (4) was set to the neyative 
time it takes to travel from city / to city & by 
airfine, including estimated stopover delays (3). 
Due to headwinds, the transit time was in many’ 
ceases different depending on the direction of 
travel, 50 that 36% of the similarities. were 
asymmetric. Further, for 97% of city pairs 7 
and &, there was a third city f such that the 
triangle inequality was violated, because the 
trip from i to k included a long stopover delay 
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in city / so it took longer than the sum of the 
durations of the wips from i to j and j to & 
When the number of “most accessible citi 

Was constrained to be seven (by adjusting the 
Input preference appropriately), the cities 
shown in Fig, 4, B to E, were identified. It is 
interesting that several major cities were not 
selected, either because heavy intemational 
travel makes them inappropriate as easily ac~ 
ccessible domestic destinations (e.g... New York 


City, Los Angeles) or because their neigh- 
orboods can be more efficiently accessed 
through other destinations (e-g., Atlanta, Phil 
adelphia, and Minneapolis account for Chi- 
cago’s destinations, while avoiding potential 
aitport delays) 

Alfinity propagation can be viewed as a 
method that searches for minima of an energy 
function (7) that depends on a set of NV hidden 
labels, e1..-.¢y comesponding to the N’ data 


the 100 botes outined in black correspond to 100, 


data point trom a total of 75,066 putative exons), and the 12 colored blacks in each box indicate the 
transcription levels of the corresponding DNA segment in 12 tissue samples. The box on the far left 
corresponds to an atifcial data point with infinite preference that is used to account for nonexon 
regions (e.g. introns). Lines connecting data points indicate potential assignments, where gray 
lines indicate assignments that currently have weak evidence and solid lines indicate assignments 
that currently have strong evidence. (B) Performance on minimizing the reconstruction error of 
‘genes, for different numbers of detected clusters. For each number of clusters, affinity propagation 
‘ook 6 min, whereas 10,000 runs of k-centers clustering took 208 hours on the same computer. In 
‘each case, affinity propagation achieved a significantly lower reconstruction error than k-centers 
clustering. (C)A plot of true-positive rate versus false-positive rate for detecting exons [using labels 
from RefSeq (5)] shows that affinity propagation also performs better at detecting biologically 


verified exons than A-centers clustering. 
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points, Each label indicates the exemplar to 
which the point belongs, so that s(i.c)) is the 
similarity of data point 10 its exemp 

is a special case indicating that point 
an exemplar, so that s(i«;) is the input pref 
exence for point i, Not all configurations of the 
labs are valid a configuration ¢ is valid when 
far every point i if some other point 7 has 
chosen / a its exemplar (i. ¢¢ then i must 
bee an exemplar (ie., 6; ~ 2 The energy of a 
valid configuration is Ele) = —ZNy sticj). Exe 
axtly minimizing the energy is computationally 
intractable, becuse a special case of this min- 
‘mization problem is the NP-hard k-median prob- 
Jem (8). However, the update rules: for affinity 
propagation cormespond to fixed-point recursions 
for minimizing a Bethe free-energy (9) approx 
‘imation. Affinity propagation is most easily de- 
rived as an instance of the may-sum algorithn 
in. factor graph (70) describing the constraints 
(the labels and the energy function (2) 

In some degensrat eases, the energy function 
may have multiple minima with comesponding 
imulkiphe fixed points of the update ruks, and 
these may prevent convergence. For example, if 
s(1.2)~ 52,1) and (1,1) = (2.2) then the solu 
tions ey =e: Hand © 2 both achieve the 
same energy, In this ease, ainty propagation 
may oscillate, with both data points altemating, 
‘between being exemplars and nonexemplars, In 
wactice, we found that oscillations could always 
be avoid by ading a tiny amount of noise 10 
the similarities 10 prevent degenerate situations, 
‘or by mercasing the damping factor, 

AMinity propagation has seve 
tages over related techniques. Methods such 
as A-centers clustering (/), A-means clustering. 
U), and the expectation maximization (EM) 
algorithm (/) stove a relatively small set of est 
mated chaser cents at cach step, These tech 
‘igues are inproved! upon by mods that begin 
with a large number of chusters and then prune 
them (/2), but they still rely on random stmpling, 
and make hard pruning decisions that cannot be 
‘weovered fiom, In conta, by simulancously 
considering all data points as candidiste centers 
cand gradually identifying cluster, affinity prope 
gation is able to avoid many of the poor solutions 
‘caused by unlucky initiaizations and han! devi 
sions. Markov chain Monte Carlo tehiiques 
(3) randomly search for good solutions, but do 
not share affinity propagation’s advantage of 
considering many possible solutions all at onc, 

Hicrarchical agglomerative clustering (14) 
and spectral clustering (/5) solve the quite dif 
ferent problem of recursively con 
points to find partitions of dhe data, These tech- 
niques do not require that all points within 3 
cluster he similar toa single center an are thus 
‘not well-suited 10 many tasks. In particular, two 
points that should not be in the same cluster 
may be grouped together by an unfortunate se- 
quence of pairwise groupings. 

In (8), it was shown that the related metric 
Jemedian problem could be relayed 10 form a 


advan 
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linc rogram witha constant factor approizna- 
tion, There, the input was assumed 1 he mats. 
ic, nonnegative, symmetic, and sisi the 
triangle inequality. In contrast alnty propagation 
cat tae as input general nonmtric simiartics 
Afinty propagation also provides a conceptually 
‘ow approach that works Wel in pratice. Where 
as the fincar programming relation i had 19 
solve and sophisticated software packages need to 


be applied (eg, CPLEX), affinity propagation 
‘makes use of intuitive message updates that can 
be implementad in a few lines of onde (2) 
Affinity propagation is related in spirit to texh- 
niques recently used 0 obwin record-breaking 
resus in quite different disciplines (16). The ap- 
proach of recursively propagating messages 
(27) in a “loopy graph” has been used to ap- 
‘proach Shannon's limit in eror-correcting de- 


A 


Fig. 4. identifying key sentences and airtravel routing. Affinity propagation can be used to explore 
the identification of exemplars on the bass of nonstandard optimization criteria (A) Similarities between 
pairs of sentences in a draft ofthis manuscript were constructed by matching words. Four exemplar 
sentences were identified by affinity propagation and are shown. (B) Affinity propagation was applied to 
similarities derived from airtravel efficiency (measured by estimated travel time) between the 456 busiest 
‘commercial airports in Canada and the United States—the travel times for both direct fights (shown in 
blue) and indirect fights (not shown), including the mean transfer time of up to 2 maximum of one 
stopover, were used as negative similarities (2) (C) Seven exemplars identified by affinity propagation are 
color-coded, and the assignments of other ites to these exemplars is shown. Cities located quite near to 
‘exemplar cites may be members of other more distant exemplars due tothe lack of direct flights between 
them (e.g, Atlantic City is 100 kam from Philadelphia, bt is closer in fight time to Atanta.(D) The inset 
shows that the Canada-USA border roughly divides the Toronto and Philadelphia clusters, due to a larger 
availabilty of domestic fights compared to international fights. However, this is not the case on the west 
‘coast as shown in (E), because extraordinary frequent aitine service between Vancouver and Seattle 
‘connects Canadian cities in the northwest to Seattle. 
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coding (/8, 79), solve random  satistiability 
Froblems with an onder-of:magninale inewase in 
Size (20), soe insanars of the NPshant W0- 
<Gimersinal phase-unraping problem (22), ane 
efficiently estimate depth from pairs of stereo 
‘mages (22), Ya, w our krowledee,ainty pop 
_aion i the fest mabod wo make we of this ia 
1 salve the agsok!, findamental problem of 
clusicring data, Because of ts simplicity, general 
-pplicabiliy and performance, we believe afine 
fy propagation wil prove to be of broad value in 
scicnos and engineering 
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Reversible Concerted Ligand 
Substitution at Alternating 
Metal Sites in an Extended Solid 


Darren Bradshaw,” John E. Warren,” Matthew J 


We report a synthetic material, [Coz(bipy)s(S0.)2(H20) 
bipyridyd) that contains discrete reactive and inert structural mot 


substitution reaction involving the concerted and 
methanol molecules at the reactive sit 


during th 


E 


path to binding to the metal centers 


sues sorption and reativit 
Adkiticoal 


ands 


Port in a manner reminiseent of enzymes 
Woul! probably require comples. asys 

tunis accommodate the novessary ch 
within the solid, We show that the crystal 
solid [Co bipy)s'SOa)(1O)s](bipy CHOW! 
(1, where bipy = 44%bipyridyl) has discrete 
reactive and inert structural motifs that unde 

a reversible substitution reaction that involve 


1 can be precisely understood because 
inygle-crystal nature of both reagent and prod 
The entering groups in the substitution reaction 


are local in their pre-rcaction positions in 1 by 


a diverse aray of weak interactions. The resuh 
ing material, 1 is porous, with a porosity defined 
structurally and functionally by the topology 
the substitution reaction 

A controlled reaction of methanolic solutions 
of Co(SO4y7HO and 44bipyridine with a 
metabligand ratio of 1/10 (JS) under amb 
"Department of Chemisty, Uriversy of Lverpoc, tive: 
pool LA? 720, UK “Sychrotion Radon Soute, Coun 
for the Central Laboratary of the Research Counc 


Daresbury Laboratory, Watingon WAA AAD, 


“To whom correspondence shoud be addvesed. Ema 
i osselnshy@lv ack 


This reaction de 
open-framework structure and controls the manner in which 
The molecules involved in the reaction are positioned 


2 hybrid framework of compo 


ino and 0 ramework-detini 


cules that constitute the overall frame 


his two-dimensional (2D) grid stack 
Rosseinsky* the 001 direction in an ABA fashion, with al 
pate grids offset by 14 6, where b is the 
repeat distance along the y axis (fig. S1) (13), 


\bipyNCHsOH), (2, where bipy 


ersible 
atially controlled introduction of bipyridine and 


t undergo a re 


s the pore geometry of the resulting 
this structure sorbs 51 
ay of well-defined i 


sructural unit a 1D Co(bipy) chain (Fig. 1, A 
B), in which metal coordination is also 

octahedral, with N atoms from the two chain: 

m in pink block-shaped crystals forming bipyridy! ligands and two trans water 

Of 1 after several weeks. St polecules and two trans © atoms from the 
single-crystal x-ray diffraction a bridging SO_> anions forming the metal co: 
Uhat 1 is composed fist aborgani ination sphere. The chains thus link one 
yetural are erossli juare grid to another via two bridging SO,” 
ime ia bi bridging SO. a (Fig. 1B). The key difference between 


Fig. 1. (A) Coordination about the two structurally distinct Co centers in 2, which are linked by the 

$0.2" anion. The metal associated with the square-grid network is light blue and that associated 

with the 1D chains is purple. O from the linking SO,?- anion and the water bound to the chain 

etal sites are red: S, yellow; C, gray; N, dark blue. (B) The extended structure of 1. viewed along 
100 direction. The bipy ligand 


from the square grids are light blue and those from the chains 
mphasizing the relation between the two distinct components of the structure linked 
yellow; O, red). The chains pass through the grids at an angle of 129.3°. All 
cies are omitted for larity. Double interpenetration of this structural moti is 
Pe) s(504)3(Hz0)31-2H20, where bpe is trans-1,2-bis-(4-pyridydethylene 
(20). (C) The extra-framework bipyridines (dark blue) form a 2D hydrogen-bonded layer by inter 
action with the Co(bipy) chains (viewed along the 101 direction). The location of the channels, 
30H molecules in 2, is marked by the green circles. Bipyridyls from the Cobipy) 
square grids are light blue, those from the Co(bipy) chains are purple, and H atoms are omitted. 
(D) Each extra-framenork bipyridine in 1. closely interacts with two Co(bipy) chains, forming two 
hydrogen bonds (dashed yellow lines) to the metal-bound water molecules. The CH OH guests are 
held in position by hydrogen bonding to the framework-forming SO,* anions 


by the S04? anions 
H atoms and guest 5 
seen in nonporous 


occupied by 
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298 K, partial desolvation of erystals of 


the second unit eontai tionally acti > pore struct sc ¢ voids of 1 places one CHOH molecule and one ext 


i 1d occupies a hydrogen 

tal # molecules. from 

boring ( hans (Fig, ID) 10 

enh cr (Fig, 1C) within 

368K, -2(H,0) ‘ 1° 3D framework sction places thy 
— 4 dina 
—_— ain 


298K, +2(H,0) 


© 3.108 A) and a non 


1" (rehydrated) ih the bipyridyl CoH 
10 guest molecules are 

Fig. 2. The Colbipy) chains in 1 undergo a reve ul . cena 

heating to 368 K. The bipyridine and CHsOH guest le) occ i i ‘ 

positions in the channels of solvated 2. The i fi pede Sear ah eto Sa 

‘upon heating to produce a chain that has bipyridine und t “ fe phages 

along the chain in 1°, When "is cooled back xposed to the Bee te caine 


water i tak e, 1 
chain sites in 2° to return the structure to that of 2. 1", and not 2, is used 


al 1", Determination of the structure of 1 at 


material, Although the extra-f ligands in 


demonstrating the reversibility of the substitution reaction, the solvent com nnels 36% K ( al with identical 
will clearly be different from the parent solvated phase 2, hence the distinction nase t als) revealed that 
is made, The inset pictures show how the color of the crystal changes as the su lve r incorporated int 


a r ach metal center is 
i raeframework bipyridine Ii 
must move by ~ 2.8 A to bind t ane of 
nearest metal ee hich, dest 
metrical environment of the bipyridin 
nolecule as it moves from its position midwa 
tins 10 substitute a water mak 
ile at one chain metal site. A cooperative pe 


13. (A) The CHOH and extra-f 
ner to substitute labile water ligands, 


a 110 1 (Fig. 3A and fig. $3) 


the Co(bipy? chai 


en Vis bound 


close to the 101 direction). The bipyridine that was i ( s 
select one of two initially equivalent chains, shown in dark blue a cal wentate fashion 
bipyridine and CHyOH guests are colored according to which chain t and fig, $3) (75), and the second aro- 
which they are bound to in 2°. The white lines are shown as a guide to t illustrate the Matic N atom extends into the void space 10 
perpendicular motion of two neighboring bipyridine molecules, and the ye indicate provide 

the guest molecules that bind to the chains in 2". Figur structure As i bipyridine makes 
along the 001 and 101 directions. (B) The evolutios 1¢ coordinate bond in the primary coordina 
guest molecules between two neighboring ch sphere of a single Co cation rather than 
producing a chain with alternating metal sites 5 en bonds in the secondary coordi 
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per metal center: the CHOH guest molecule 
he CHOH molecules move by 4.41 A to 
aflord concerted substitution of all of the wa 


ter ligands at the chain site 
3B). The breaki 


related manner (F 


symmetry of the bipyridine environment i 
produces the fige N function that weakly iat 

acts with the methyl groups (N.C 3.10 A) 
ofthe CH,OH molecules coordinating to the Ca 
centers at adjacent chains. This interaction woukd 


The substitution reaction tras 


creased steric demand of the ¢ 


water molecule (fig. S4) (75), produces an elon 
ation of the bond kgs at the Co site wh 

it coordinates and a chan he S-0-G 
angle 10 the linking sulfite from 135.12 in Dw 


idine is imposed by the su ups link 
the chains 1 the grids via shot CH. «« 

wets of 2.38 and 243 A (lig, S4) (15). Th 
spatial requirements of the pyridyl ¢ " 
adjacent to the metal-binding N are 


abl 


Fig. 4. The binding of 
HOH and bipyridine 
molecules (highighted in 
purple) at adjacent metal 
sites on the chain in 2" 
makes the two pyridyl 
nisin the chair forming 
bipyridyl_ inequivalent. 
The pytiyl ring bound 
to the Co ste coordinated 
by the entering bipyigine 
is displaced above and 
below the chain, caus 
ing puckering in order to 
prevent steric clashes 
between the C-H groups 
indicated with white 
dotted lines. The struc 
ture atthe top left show 
that this puckering of 
the chains induces a 
distortion in the bipyridyl 


linkers in one arm of the unreactive grid component of 1° 
Figure $5 (15) & a schematic of the coupled distortions at 
about the metal centers along the chain are CoN 2.17107); Co-Ooaax, 2.13045); Co-Osoe. 2.08965) A 


for CH,0H-bound Co and Co-Nauin 2231(7); CON 2.20715); and CO-Ospe, 


bound Co, where Nera from the chain-forming bipyridyt lig 


that is now bound to the chain. 
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2nd Nene from 


$- 


wed along the 101 direction as in Fig. 10. 
id and chain components. Bond lengths 


13065) A for bipy 


he quest bipyridyl 


rchydrated phase, 1" (Fig. 2) (15), If however 
al was cooled to 298 K in the dry gas 
siream, the extra-framework bipyridine did not 


mpositional change of the channel species 


in 1, the substitution reaction is irreversibl 
(US). The bipyridy! ligand is thus control 
ably a guest species or a component of the 


PLATON (17) analysis of 1 revealed an 


2-framework volume of 24.3%, with a pore 
aructure consisting of 1D channels with narrow 
constrictions aligned along the 101 direction 
Aligs. $6 and $7) (15). The eros section of the 


A. The 


1, Measurement 
OX Kon bullk samples [which form with a re 


Brunauer-Emmett-Teller (BET) derived sur 
face area of 2213) nv ne number in 


SD of th 


)(NOsls] U9), 60 


constrictions along the channel kength. The 
presence of the extrefiamework bipyridy! in 
Tis a prerequisite for this trayping behavior, as in 


its absence the 3D pore structure of 1 would be 
thi 
rxslecules 


1 into the framework in 1? 
* the pore dimensions and hence the 


picture of 1 is modular, because two. 
Jistinct metal-organic nets (the primary struct 
I motifs) are connected by a rigid inorganic 


ral inte the material is retained, 


‘organic bipyridyl linker accom 


Jination at the chain metal sites. The 


by diverse weak interactions with the 
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Magmatic and Crustal Differentiation 
History of Granitic Rocks from Hf-0 


Isotopes in Zircon 


‘A. 1. S. Kemp,2* C, J. Hawkesworth,? G. L. Foster,” B. A. Paterson,” J. D. Woodhead,” 


J. M. Hergt,” C. M. Gray,* M. J. Whitehouse” 


<Granitic plutonism isthe principal agent of crustal differentiation, but Linking granite emplacement 
to crust formation requires knowledge of the magmatic evolution, which is notoriously difficult to 
reconstruct from bulk rock compositions. We unlocked the plutonic archive through hafnium (HD) 
and oxygen (0) isotope analysis of zoned zircon crystals from the classic hornblende-bearing 
(type) granites of eastern Australia. This granite type forms by the reworking of sedimentary 
materials by mantle-tike magmas instead of by remelting ancient metamorphosed igneous rocks 
5 widely believed. Ftype magmatism thus drives the coupled growth and differentiation of 


continental crust. 


b's vencer of continental crust is 
Frits ses tes 
lancts and attests to distinctive made 
tary differentiation (7) The vast granitic 
their erupted analogs that dom 
continental landmasses. are an_ obvious 
manifestation of such differentiation. Yet how 
ennites relate to erustal growth processes re- 
inains puzzling, because the majority of these 
rocks have isotope signatures that preclude a 
diteet mantle ancestry (2-6). The paradigm fom 
studics in the Lachlan Fok Belt (castem Aus- 
tralia) is that granitic magmas derive from pu 
existing sources that an fundamentally citer 
supracrustal (Zormed originally at Earth 
face) or infacrusal igneous rocks thatsobiied 
at depth) in character, as reflected inthe S- and 
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Ltype notation used to describe them (7), 
Granites of Laype alfinity are globally prevalent. 
A corollary of the LS type concept is that the 
isotope compositions of granites reflect the 
cerustal residence prchistory of their pwotoliths 
(A, constraining the age and architecture of the 
deep crust as well asthe timing of ancient crust- 
forming episodes. In contrast, other studics 
attribute the isotope variations 1 interaction 
between older crust and mantlederived magm: 
(2. 5. 6. 8). implying that crustal growth is 
ntrinsic to granitic emplacement. Mixing mod- 
cls are controversial (9), because ascertaining the 
timing and magnitude of mantle input is 
‘pedkd by difficulties with retrieving the record of 
magmatic evolution from bulk granite composi- 
tions, This recoed is, however. preserved within 
the chemical and isotope stratigraphy of certain 
minerals (0-13). The robust accessory mineral 
incon has the advantage that its intricate growth 
‘aoning can be dated by U-Pb isotopes, and it 
tracks changing melt chemistry in its Hand O 
isotope ratios (3, 14). We report an integrated in 
situ U-Pb, Hf and O isotope study of zircons 
from granites, in this case the Lachlan Etypes, to 
decipher the crustal evolutionary processes at- 
tending silicic magmatism. 


We examined zircon crystals fiom three 
granitic suites (groups of rocks elated through 
sommon mical trends): Jindabyne [415 
million years ago (Ma), Why Worry (400 Ma), 
and Cobargo (390 Ma). The Jindabyne plutons 
intrude Silurian (~425 Ma) S-type granites, 
‘whereas the Why Worry and Cobargo rocks are 
complaced into Ordovician. metascdimen 
‘units at a depth of around 10 t0 12 km. Rocks 
fof each granitic suite have hallmark Itype 
features in their abundance of homblende and 
in having higher concentrations of Ca, Na, and 
Se than do S-type granites of similar silica 
content (7), Samples at cither end of the com 
positional range of each suite were tangeted, 
Zinwons were also separated from a mafic rock 
associated with each suite, these being a gabbro 
Gindabyne}, synplutonic dolerite dyke (Why 
‘Worry).and diorite enclave (Cobo). The matic 
sucks ae coeval with the respective granitic ites 
and share the same distinctive chemical features 
US, 16), implying conan 

The zircons ofall samples were first dated by 
Ph isotope analysis table $1), 
ng) 
component in some samples (75, but the dis- 
cussion below focuses on data obtained from 
the magic portion ofeach zircon. O isotope 
compositions (OO, expressed as 8"%0) (17) 
‘were determined from the sime zircon growth 
‘zone using a Cameca IMS 12 
(18) table $2). Unlike bulk rock samples, zitcon 
isextremely retentive of the magmatic O isotope 
ratio (19), and zitcons in equilibrium with pris- 
tine mantle-derived melts have a narrow range 
of 80 [5.3 
is insensitive 10 magmatic differentiation, be 
cause the attendant rise in bulk rock 8!%0 is 
‘compensated for by an increase in zircon liquid 
50 fractionation from +0.5%e for matic melts 
10 1 Ste forsilicie derivatives (14). Values of 
810 in zircon above $.6%m thus fingerprint an 
"O-enrictied supracrustal component in the 
magma from whieh the zircon erystallized, 
this being ether sedimentary rock (10 10 30%) 
gr altered yoleanic rock (t0 20%») (20). The 
MAIO" THE ratios were measured by laser 
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ablation multicollector inductively coupled plas- 
rma mass spectrometry (18) (table $3), targeting, 
wherever possible, the pits generated by ion 
microprobe analysis. 

‘An important feature of the HF isotope data 
(Fig. 1) isthe spectrum of e Hf values exhibited 
by zireons of the same rock (up 10 10 € units) 
(21), Such variations within a single sample ean 
‘only be reconciled by the operation of open- 
‘system processes that are capable of shifting the 
6419" ratio of the mel from which the zir- 
cons precipitated. To identity these processes, it 
is necessary to deduce the polarity of Hf isotope 
change during zircon growth, This ean be ac- 
complished by examination of intracrystal iso- 
tope zoning trends and by pairing the isotope 
Variations with trace element ratios (such as 
TW/U) that are proxies for the degree of dif 
ferentiation. In cases where isotope zoning is 
pronounced, "*MN"77HF generally decreases 
toward zircon rims, although some grains show 
the opposite pattem. Trace clement micro- 


€ Hf (zircons) 


Bulk Earth 


analysis has established that Th/U rates typi- 
cally fall rom core to rim inthe studied zrcons 
(Cable S1, and the e11f values ofthe zicons alo 
decrease systematically with TWU (Fig. 2). We 
imcmpeet this as evidence for a progressive 
reduction in the PHO" UE ratio during. the 
‘magmatic evolution of each suite, as would be 
induced by the addition of an unradiogenic 
(continental erust- Tike) component. The everse- 
ly zoned zircons manifest episodic input from 
nateril with higher elf values 

Coupling the "U0" ratios of the zi 
cons with their © isotope compositions reveals 
the nature of the crustal component, Zitcons of 
individual samples exhibit a 80 range of 210 
4%, and, although rarely resolvable, intragrain 
heterogeneity can exceed 1% and involvesa rise 
in "0 from core to rim (able $2). eH1f and 
30 are correlate for zicons of each suite and 
define curved arays that extend to much higher 
80 valucs than those of zircons precipitated 
from mantke melts Fig. 3), These elevated 8!"O 


2 3 


4 5 6 7 


€Nd (bulk rock) 


Fig. 1. The Hf isotope composition of melt-precipitated zircons from samples of each suite as a 
function of whole-rock Nd isotope composition at the time of crystallization (WW, Why Worry). 


Error bars represent 2 SEM. 


REPORTS L 


values diagnose a substantial supracrustal com- 
ponent in the Lachlan Fype granites, The iso 
tope array defined by zircons of each suite has a 
distinctive trajectory anchored by a different 
Jow-5"%O end member that is in equilibrium 
with mantle O. For Jindabyne and Why Worry, 
this corresponds to zincons of the associated 
matic intrusives. At higher 80 values, the ar- 
rays converge toward the fiek! defined by 
‘magmatic zireans of S-type granites and the ine 
fered HO isotope composition of the meta 
sedimentary county rocks, 

‘The covariant HE 60 zircon arrays are 
therefore tracking the progressive interaction 
between two endemember components during 
~rcon crystallization, these being parental low 
870 magmas and metasedimentary-derived 
‘materials. Such interaction could involve either 
rising and hybridization with crustal paral 
ants or the digestion of supracrustal rock 
(assimilation) by Jow-8!*O magmas. The or 
{gin of the Low-8"%0 magmas is not uniquely 
constrained by the zircon isotope arrays. The 
data are permissive of an enriched mantle heri- 
tage or an infracrustal progenitor, orof variable 
combinations of the two (8), A predominantly 
mantle derivation accords with the mi 
character of the inferred low-8"O components. 
‘These mafic magmas were subsequently mod- 
iffed by crustal contamination, ay is evident 
in the spread of zircon eHf and 80 values in 
the Jindabyne gabbro and Why Worry basalt 
(Fig. 3), but zircon crystallized sulliciently 
carly to retain vestiges of the original isotope 
signature 

Although long suspected (5), a mixed andl 
partly supracrustal source forthe Lachlan lye 
fanites is now incontrovertible. Major supra 
crustal input has also recently boen infered for 
ther “O-enriched circum-Pactic -ype plutons 
22), The remaining task is to quantify 
‘metasedimentary component of each Lachlan 
suite and to determine the conditions under 
‘which this was incorporated, Assuming that 
asimilation-fractional erystallization equations 
(23) area reasonable approximation of magmat- 
Je evolution, most zicons in the Cobargo 
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Fig. 2. lf isotopic compositions of zircons from each suite plotted against the Th/U ratio measured forthe same part ofthe crystal. Arrowed lines show 
the sense of core-to-rim zonation for individual zicons. 
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8 "0 (zircon) %e VSMOW 


240 8 6 4 20 2 4 6 8 0 2 
Hf (zircon) 

Fig. 3. Plot of #0 versus eH for zircons ofthis study, showing the putative curves corresponding 
to magma evolution by crustal assimilation-crystallization (AFC) (23). Data from samples of each 
suite are assigned the same symbol (error bars depict the average 2 SEM uncertainty). The 60 
value of Lachlan metasedimentary rock is taken from (33), and the shaded field depicts the isotope 
‘compositions of zicons from the Lachlan S-type granites. Ticks on the curves represent 10% AFC 
increments, and the ratio of Hf concentrations in the parental magma (pm) and crustal (¢) end 
members (Hfpq/H{,) i indicated for each. VSMOW, Vienna standard mean ocean water; LFB 
metased. rock, Lachlan Fold Belt metasedimentary rock. 


Fig. 4. A schematic 
model for the formation 
‘of type granites. in 
‘eastern Australia, based 
‘on the analysis of HO 
isotopes in zircon, Siicic 
melts are generated at 
depth through interac- 
tion between residual 
liquids from basalt crys 
tallization and melts 
derived from the over 
lying supracrustal as- 
semblage (29). These 
hybrid magmas are ex- 
tracted to ascend and 
ond in the shallow crust 
tocrstalae cons whose 
isotope signature records 
the progress of suprax 
crustal incorporation at 
depth. Mingling and 
amalgamation of melt 
batches during proto- 
pluton assembly ac- 
‘cumulate zircons with 
Co eS 

placement is localized 

atthe interface between 

the mafic (oceanic) substrate to the eastern Lachlan Fold Belt and the overlying turbidite pile; the 
interface is likely to represent a substantial rheological contrast. 


precipitated from melts containing, up 10 
supracrustal material, the corresponding figures 
being around 40% for Jindabyne and 60% for 
Why Worry (Fig. 3 and supporting online text), 
The geometry of the cHFS"O arrays. places 
additional constraints on the 

Intion process, because the curvature of these 
arrays is controlled by the relative HE concen- 
trations of the end members, For Cobar 
Jindabyne, the HE content of the low-8!"0 
‘magma must have exceeded that of the crustal 
component, as would be the case if the later 
‘were a partial melt with residual 
versely, the concave-up trend defined by the 
Why Worry suite zircons requires thatthe supra 
cnustal ingredient had the higher Hf concentra 
tion, which is consistent with bulk assim 
Partially disaggregated metasedimentary en 
videnee for this pro- 


Petrogenctic models for the Lachlan Hype 
‘granites must reconcile two key aspects of the 
new data, First, the HEO isotope arrays extend 
rxicating that zircon 
crystallization commenced belore the ingestion 
‘of supracrustal material. However, the 
emperatures of the ps 
‘were inevitably higher than the zircon stability 
field, typically <R0O°C (24), and enustal incor- 
poration is more effective for hot liquid magmas 
25), We therefor infer that crustal assim 


and Zircon precipitation occurred at different 
‘temperatures, and thus crustal levels, for part 


cach granite sampled radi 


now juxtaposed with 
¢. This demands a pro- 


in the same rock voli 
cess in the plutonic environment that ean unite 
crystals with disparate petrogenctic histories, 
Many voleanic rocks also comprise agar 

‘of crystals formed at different times from evolv- 
ing melt compositions (10, 12, 26) 

The following scenario is proposed (Fig. 4), 
accommodating the view that plutons are as- 
sembled incrementally (27, 28), We envisage a 
dynamic dusl-tevel process involving the in- 
complete solidification of basaltic magmas in a 
dosp crustal hot zone (<35 to-4 km. constrained 
by the absence of a gamet signature in the 
Lachlan Lypes), with hatches of differentiated 

being extracted to ascend, coalesce, ant 
crystallize in shallow magma reservoirs (29, 3), 
The isotope systematics of each melt aliquot 
reflect the parental basalt composition and the 
degree of supracrustal input, this commencing at 
<depth before zircon saturation and continuing 
higher crustal levels where zircon begins to 
crystallize (Fig, 4). Thermal simulations pre- 
dict increased crustal anatexis with hot zone 
maturation (2%), promoting higher rates of 
metasedimentary rock assimilation by the 
exysallizing basalts with time (25) and greater 
blending between the basalt-derived liquids 
and crustal melts draining the hot zone, 
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Successive infusions of hybrid’ melt into the 
nascent pluton would therefore precipitate zit- 
‘cons with higher 80 and lower eH values, as 
recorded by the zircon isotope arrays, Zircon 
With disparate isotope signatures are juxtaposed 
by mingling and erystal exchange between melt 
batches during pluton assembly and intrarescr- 
\oir crystal-tiquid sorting (27, 31). Mixing with 
the recharge melt would abo drive the resident 
‘magma ark! its erystallizing zircon cargo toward 
higher 60 and lower elif values, explaining 
the intazireon isotope zoning Isotopic reversals 
in some zircons and basalt injection in the Why 
Worry plutons suggest that this evolution as 
punctuated by juvenile magma replenishment 

The refined view of granite genesis captured 
by the zireon isotope data compels a reappraisal 
‘oF the I-S type concept an its implications for 
‘rustal evolution. In reveafing the reworking of 
supracrustal material by juvenile magmas, our 
study suggests that F-type magmatism critically 
involves continental growth, this being camou- 
aged to some extent by the non-manthe-tike 
isotope ratios of the bulk rocks, The overall 
proportion ofnew materia dk by the Lachlan 
[etype suites was near 8% for Cobargo, 70% for 
Jindabyne, and Ss for Why Woy. These 
estimates imply that Phanerozoic erust generi- 
tion rates may have been higher than hitherto 
appreciated from studies of plutonic terranes 
(6. 42), modifying global continental growth 
‘curves through time. 
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Fracture-Controlled Paleo-Fluid Flow 
in Candor Chasma, Mars 


Chris H. Okubo* and Alfred S. McEwen 


Color observations from the High Resolution Imaging Science Experiment on board the Mars 
Reconnaissance Orbiter reveal zones of localized fluid alteration (cementation and bleaching) 
‘along joints within layered deposits in western Candor Chasma, Mars, This fluid alteration occurred 
within the subsurface in the geologic past and has been exposed at the surface through subsequent 
‘erosion, These findings demonstrate that fluid flow along fractures was a mechanism by which 
Subsurface fluids migrated through these layered deposits, Fractured layered deposits are thus 
Promising sites for investigating the geologic history of water on Mars. 


High Resolution Imaging Sei 
I periment (HiRISE) camera (/, 2) on 
ward the Mars Reconnaissance Orbiter 
(MRO) has retumed images of the surface of 
Mars that have exceptional clarity and resolu 
tion. One of the first images of Mars retuned 
by HIRISE in the low (250 10 315 km) 
mapping orbit is of the layered deposits within 
western Candor Chasma (Fig. 1 and fig. $1), 
fone of the larger canyons of the Valles 
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Marineris system. in the western equatorial ro 
‘gion of Mars (fig. S2), Surfice features 20.26 m 
(equivalent to one pixel) are detectable, and 
the shapes of objects 20.78 m across are 
resolved ( 

The layered deposits appear as altemating 
fight- and dark-toned bands (Fig. 1 and fig. SI) 
and may be volcanic. eolian, or faeustrine in 
‘origin (3-6), The dark bands appear to be flat- 
lying in many areas at the 10m scale. Many of 
the dark-toned hands consist of a mixture of 
meter-scale boullers of lighttoned material 
and finer-grained dark material (figs. $3 and 
S4). The patches of fine-zrained dark material 
commonly have a hummocky texture that is 


consistent with ripples of 
fength (fig. $3). Evidene 
is pervasive througho 


the seene [sup 
prorting online material (SOM) txt} Therefore, 
this flat-lying dark material is inteproted as 


surficial deposits of sediment composed of 
colian sand, with a possible component of lg. 
Dark material within the underlying bedrock 
may also contribute to the tone of the dark 
bands. 

‘The source of the dark-toned sediment is 
‘unconstrained by the present study, but it may 
the present within the underlying bedrock and 
‘became mobilized through colian erosion or 
persists in place as lag deposits. Dark material 
may also have been transported fiom a distal 

Local topography and high surface rough- 
ress of select layers within the light-toned bed- 
rick appareatly contribute 16 the accumulation 
of the dark sediment in distinet bands (figs. S3 to 
8), The dark-toned hands are commonly found 
‘within topographic depressions in the under- 
lying bedrock. Accumutations of boulders also. 
2110 tap dark-toned sediment within the bands 
(SOM text). Thus, the dark-toned bands appear 
w consist of sediment that has accumulated: 
within the troughs between ridges of lighttoned 
‘bedrock, 

This ridge-and-trough morphology is con- 
sistent with differential erosion, which ean be 
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‘expected if the bedrock is mechanically lay- 
‘ered, That isthe mechanically we: 


layers, 
history, 1 
coarse-grained la 


grained layers are stronger than 
crs within the same sedi 


sand-trough morphol 
jested here, Local heten 
J chemical weathering may also 
influence rock strength (8-10), Thus, the ri 


cities in ce 


ms in either 
history, or both 

Also present are sets of frac 
hundreds of meters to several kilometers in 
length (Figs. | and 2 and fig, $3), Shear dis 
placements of crosscut bedding and other 
discontinuities are not observed along these 
| horizontal displacements. of 
‘more than 0,52 m (two pixels) would be clearly 
‘observed at the resolution of the HiRISE image 
Therefore, these fractures are identified as joints 
rather than faults (SOM text) 

M 
continuous “h 
«across the dark-toned bands (Fig. 2 and 
ius. S3 and S4), These joint halos 
terrupting the background pattern of sediment 


res that are 


fractures, Si 


ny joints are surrounded by a nearly 


lo” of light-toned bedrock that 


\ 


Darks ona 


NN 


he Died nds 
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patches, or topographic depressions, and any 
layers of bedrock that are dark. The lack of 
dark material points 10 ible accumu- 
lation of dark sediment along these halos, as 
well as a systematic fightening of any dark 
layers of badrock within these halos. 

ble amount of dark material 
hhalos indicates that these arcas 
ke for sediment deposition. A 
lack of meter-scale topographic shading along 
the bedrock within the halos reveals that these 


surfaces are smooth at the meter scale. In 


contrast, the adjacent light-toned bands show 


1 albedo variations through HiRISE’s 
capability (Fig. 2 and figs. $3 and S4). 
The su 1¢ joint halos is therefore 


face alo 


interpreted to be smoother at the meter scale 
relative to the adjacent ligh 
bands. 


and dark-toned 
a lack 
act Wo tray 


A smoother ground su 
aphy that 6 


hie shadi 
it alos often 
relief with inclined 
to impede sediment 
gy with the light-t 
tion 

ridgelike 


ig also indi- 
positive 
faces that would tend 
By analo- 


‘cate that the joi we a 


dark sediment along the trace of the 


can be inhibited where the 


Fig. 1. High-resolution enhanced 
color image showing a landscape 
of sand dunes and buttes against 
a background of light-toned 
(tan) and dark-toned (blue) bands 
in Candor Chasma. This is a 
subscene from HiRISE image 
TRA_000836_1740, which was 
acquired on 30 September 2006 
(tars southern winter). The image 
was taken atthe local Mars time of 
3:29 p.m, and the scene was il- 
uminated from the west with a 
solar incidence angle of 58.5", The 
HiRISE camera collected image 
data in three band passes (blue- 
‘green, red, and near-infrared; 400 
to 1000 nm) (2, 2), The image 
scale is 0.26 m per pixel, which is 
equivalent to the scale of the red 
band-pass image. The other band 
passes were acquired with two-by- 
‘wo pixel binning to 0.52 m per 
pixel. The complete image is cen- 
tered at 5.7" latitude, 284.6°E 
longitude (planetocentrc, Interna- 
tional Astronomical Union 2000), 


NG 


joint halos requires the bedrock along the 
joints to have been strengthened against 
cgments of the halos that 

ed hands of sediment 
especially need to be strengthened because, 
presumably, these dark bands lie along 
lly weaker (more-croded) layers of 


mechani 
bedrock. 
The combination of 


smooth surface and 


positive relief along the joint halos accounts 
ed dark sediment and 

indicates that the bedrock within these halos is 
stronger (more indurated) than the more 
wadily eroded bedrock around it, C 
precipitation of mincraly (c.g., Fe-bearing 
‘minerals) (7-13) from fluids circulating wit 
1¢ rock along the haloed 

of wall-rock, 

These minerals act 1 cement 


for the lack of accumu 


ical 


in pore spaces of 
joints is a likely 
strengthening. 
the wall rock and thereby i 
resistance 16 pitting and erosion, 

These halos most plausibly formed after 
the joints were present, H 
first iractured mechanically 
ridges, the joints would have preferentially 


swase the rock's 


J the halos formed 


strong 


propagated within the weaker rock adjacent 
to those halos, rather than through the center 
the halos 
‘would also facilitate the loca 
ing and cementation within distinct 
by acting 
In the 


is observed, Pre 


conduits for circulating Nuids, 
absence of fracture-controlled fluid 
flow, diagenetic alteration would be distributed 
throughout the rock muss rather than being 
Jocalized in diserete zones that erosscut bedding 
(eg. I-10). 

The systematic lightening in tone of any 
dark bedrock layers along the halos points 10 
geochemical bleaching of the bedrock, As 


previously mentioned, dark material may 
contribute to the appearance of the dark-toned 
‘hands, especially on slopes. However, dark 


bedrock is lacking with 
Thus, any dark material originally present 
hin the bedrock appears to have been 
dissolved or gooehemically altered within the 


nthe joint halos 


mh, the bleaching of the rock sur: 
rounding a fracture is a clear indication of 
I interactions between the Muids cir 
culating within that fracture and the host rock 
(1, 12). Additionally, interactions between 
the wall rock and the fluids flowing through 
the fracture induce changes in the strength of 
the wall rack (8-10), Fracture-supportes flow 
is recognized as an important process that 


facilitates the large-scale subsurface migration 


uids and chemical interactions. between 
these fluids and the host mck (8, 9, 15, 16) 

The strengthening of the joints” wall rock, 
as well as the geochemical bleaching of this 
rock, provides strong evidence of subsurface 
fluids having circulated through this section of 
the layered deposits. These episodes of bleach- 
ing and cementation probably reflect episodes 
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fof reducing and oxidizing fluid flow, as is 
‘commonly observed on Earth (/J-13)and also. 
on Mars (17-19). These support 
previous from the Observatoire pour 
Ja Mingralogie, Eau, les Glaces, et FActivité 
(OMEGA) hyperspectral imager onboard 
Mats Express. OMEGA observations of this 
region of the layered deposits reveal the 
spectral signature of hydrated sulfates, which 
is viewed as evidence of past aqucous activity 
(20,20) 

‘Not all joints in this scene have halos (f 
53), This is probably because of a difference 
in age for 
joints, Halos developed around joints that 
Were present when subsurtice Muids were 
circulating through the currently exposed 
level of the bedrock. Once the bulk of the 
subsurface fluids drained from this area, any 
joints that formed would not have 
supported adequate fluid flow for 

jount of time to allow for the strengthening 
I ble 
no halo is present. Theretore, the prescnee of 


halocd versus “non-haloed! 


hing of the wall rock 4 occur; thus, 


ve fracture age 
with the haloed fractures being the oldest and 
the non-haloed fr 
J having forn 
red from this level of the bedrock. 
The presence of non-haloed joints that 
appurently postdate the halocd joints indi 
cates that halo formation, and thus eirculat 
‘of subsurface fluids within these joints, was 


tues being the youngest 


xl after the subsurface fluids 


not a geologically recent event, Further, had 
the halocd joints supported geologically 
recent near-surface fluid flow, Muvial ero- 
sional and deposi structures. would be 


Jointey 


appareat (22. 23). Such mompholo 
dence for recent subacrial Muid flow (c 
lies and spring mounds) is not observed. 
Thus, the present-day exposures of the haloed 
joints initially formed within the subsurface 
as fluids circulated through the layered de 
posits. These Muids subsequently drained 
away, and the haloed joints were exposed at 

The evie 
geochemical processes that once 


the surface through erosion, 
dence of 
‘occurred within the subsurface is currently 


‘exposed at the surface in the form of these 
haloed joint 

A current focus of Mars surface explora 
tion is the investigat areas that show 
evidence of past hydrologic acti 
the past 
Potential 1 suppor life 


and paleo-springs. This study demons 
exhumed joints and faults are also promising 
areas in which 10 i le past hydrologic 
activity, In addition to Fig. 1, haloed joints are 
‘observed in other HiRISE images of equatorial 
layered deposits in Valles: Marineris and else- 
where. Further 
yield additional insight ito the geochemistry 
that dives the bleaching 
the wall rock, 

D 
controlled Muid flow may be possible with 
the Mars Exploration Rover Opportunity. A. 
separate HiRISE image of Victoria Crater in 
Meridiani Planum reveals a set of subparallel 
linear ridges along the crater’s castem rim 
and fl $6), 


es 


nalyscs of these fractures may 


nd cementation of 


J surface observations of fracture 


These ridges are str 


Fig. 2. (Ato €) Examples of joints and surrounding halos of light-toned bedrock. The joints are the 
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in dark lineations. The scale bar and north arrow apply to each panel. 
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raphically located within the regional lay- 
ered sedimentary bedrock. The linearity, common 
‘orientation, and positive reef of these features 
suggest that these are fractures that are sur 
rounded by bedrock that has been chemically 
cemented or otherwise indurated, similar to the 
joints described here in Candor Chasma. Oppor- 
tunity is currently at Victoria Crater, and detailed 
studies of these ridges may provide additional 
insight imo the mechanics and chemistry of 
jpalco-Mlud flow through the regional sedimentary 
bedinck 
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Starch Fossils and the Domestication 
and Dispersal of Chili Peppers 
(Capsicum spp. L.) in the Americas 


Linda Perry,? Ruth Dickau,? Sonia Zarrillo,” Irene Holst,” Deborah M. Pearsall,* 
Dolores R. Piperno,*? Mary Jane Berman,? Richard G. Cooke,” Kurt Rademaker,* 
‘Anthony J. Ranere,” J. Scott Raymond,? Daniel H. Sandweiss,** Franz Scaramelli,? 


Kay Tarble,}® James A. Zeidler" 


Chili peppers (Copsicum spp.) are widely cultivated food plants that arose in the Americas and are 
now incorporated into cuisines worldwide. Here, we report a genus-specfic starch morphotype that 
provides a means to identify chili peppers from archaeological contexts and trace both their 
domestication and dispersal. These starch microfossils have been found at seven sites dating 
from 6000 years before present to European contact and ranging from the Bahamas to southern 
Peru. The starch grain assemblages demonstrate that maize and chilies occurred together as an 
ancient and widespread Neotropical plant food complex that predates pottery in some regions. 


hill peppers, members of the genus Cup 
( sicum, haye been cultivated extensively, 
ally in the Americas and, aller C 
Jumbus, around the globe (7. 2) The lack of a 
comprehensive archicobotanical record has 
red accurate reconstructions of the origins, 
omestications, and dispersals of these plants 
Macroremains of the ffuits are confinal to rare 
sites in ard environments, and reportsof seeds and 
pollen are even less common (Table 1). We found 
that a widespread, but previously  unient 


archacologeal starch moxphotype is derived from 
chil popper fruits and is commonly preserved on 
aniticts. We documented this microfossil frm 


1g 6000 years ago (Table 2) 
est evonomically notable spe- 
cos of chill pepper are Cannan, C. baceanan, 
©. chinense, C fruvescuns, ad C. pubescens, Ak 
though it i generally agived that the genus 
Capsicum originated in Bolivia (2) the centers 
‘of domestication and dispersal patiems of these 


*archaeobiclogy Program, Deparment of Anthropology 
Smithsonian National Museum of Natura History, Pe 
‘tfce Box 37012, Washington, OC 20013-7012, USA. 
"Department of Archaeology, Univesity of Calgary, 2500 
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3smithsonian Topical Reseach iste, Apartado Postal 
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‘of Anthropology, 107 Swallow Hall, University of Missoun, 
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Univrsy, Frt Calin, CO 80523, USA. 


species remain speculative. A combination of ar- 
chacological evidence, genetic analyses, and 
modem plant distributions have led researchers 
to suggest that C annuum was intially: domes- 
ticated in Mexico or northem Central Amica, C 
{rutescens in the Caribbean, C.Paceatu is how= 


land Bolivia, C chinese iy northem lowland 
Amazonia. and! C. pubescens inthe midlevation 
southem Andes (2,3), 


All five species of domesticated chil peppers 
produce largs, fatened lenticular starch grains 
With a shallow central depression, not unlike a red 
blood eal in appearance (Fig. 2. wo C), When 
rotated into side view, a central linear igure-—a 
line or split figure with sharp edges runs 
pull to the ko axis of the grain. This figure 
«an extend for the entire length ofthe grain o just 
4 past oft (Fig 2, Eand F). Ranging foe about 
1310 jm in eng, the starches of domesticated 
peppers are easily distinguishable oem smaller 
Wik! types in the microfosil recond (Fig. 2D and 
lable SI}. Although the basic thee-<timensional 
morphology is consistent among all species of 
Capsicum, micromombologial characters lier 
betwoon species 
Thee of the species —C huccarum, C 

Jratescens, and C pubescens—can be identified 
‘on the basis of dingnestic moepbotypes that have 
unique features of the central depression. How 
ever. these feature are rare even in mod starch 
again assemblages. Otherwise, the morphologies 


assemblages fiom C, annuum and 
(C frutescens reso similar that, in the absence of 
dingnostc, itis not possible to assign grains ta 
single species. The momphology of starch from C 
chinenseis svar to but not identical to that of C 
‘armuaan oC frutescens, an the momphologies of 
all thee starches diflr significantly fom those of 
© haceatun and C. pubescens which, in tum 
difler from one ancther. Because similar types 
‘oxcurinall congener species of Capsicum, iter 
a diagnostic or a large archacobotanical assem 
‘lage is required fora secure species identification, 
The presence of a basic onus-liaunostic 
sarch mophotype for Capsicum is predictable 
because of the lack of perfoct barriers to intrase= 
cific hybridization (4). Canam, C. chinense, 
and C fintescens have boon deseribed as a species 
complex with a single ancestral gene poo! (4). 
‘Therefor. itis not sumprising thatthe starches of 
these three species are momhologically sim 
to one another. In contrast, C. baccunu and C 
pubescens are distin domesticated species in 
South America (4). Starches derived fiom other 
«conomically significant species inthe Solanaceae 
including Lyciunthes, the genus that recent phylo- 
genetic studies indicate isthe most closely related 
to Capsicum (5), dlr fom those of ehil peppers 
(able SI and fig. $1) (6). Thus, we have elimi 
raed those plant species with the potential 10 
confuse the source of the micros 
We recovered securely identified genus 
diagnostic Capsicum starch microtonsis from 
seven sites throughout the Americas, The oldest 
Positively identified starches were found atthe 
contemporancous sites of Loma Alta and Real 
Ato in southwestem Beuador. Interpreted as 
village-sized, permanent settlement, Loma Al 
‘was occupied for more than a milniam be 
tznning about 6100 years befire present (yr B.P.) 
pepper starches from 


ssumples, milling stones, and fox! 
residues from ceramic shorts of cooking vessels, 
all of which were exeavated from the lower 


levels of the site 

‘Similar 10 Loma Aha, Real Alio was a village 
site at about 6100 yr BLP; however, by about 4750 
ye BP, it had expanded ito a regional ritual= 
‘ceremonial center (8, 9). The chili starches: were 
extracted from milling stones from two house 
floors dating to the pariod of expansion. Micro- 
fixsil evidence of maize, Canna edulis (achira) 
Maranta arundinacea (arrowroot), Calatheu sp. 


Table 1. Published reports of archaeological Copsicum from wel-dated sites with clearly defined 


stratigraphy. 
Species Plant part Region Sitels) Dates) (yr BP.) Source 
© onauum Frits Mexico Tehvacan Valley 300-6000 (2a) 
C annuum Seeds and pedundes €l Salvador Ceren 005) 
. boccatum Frits Peru Huaca Prieta, Punta Grande 400026) 
C chnense Fruits Peru Hunca Prieta, Punta Grande 4000 (26) 
C. chinese Frits Peru Casma Valley a, 2500-3500) 

Copsicum sp. Seeds ait En Bas Saline 600 en 
Copsicum sp. Pollen Venezuela Tiga 450-1000 (28) 
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(orem), manioe, cucubis (squash), Canavalia sp. 
‘ask bean), and the Arecacea fxily (palms) has 
also been recovered fiom Real Aly (70-12) A 
‘combination of evidence, including pnt remains 
and site proximity to scasonally Hood boom 
Jang, indicates that auricuture was important inthe 
economics of both Ecuadorian sites. Eeuador i not 
‘considered tobe the centr of domestication fe any 
‘of the five major economic species of chil pepper. 
“Theron the presence of domesticatecilcs Witte 
in this eal, complex, agricultural system indicts 
that these plants must have been domesticated 
cebsehore cir than 6000 yr BP and brought int 
the evion from either the north o he south, 

tn central Panama, dhe Aguadulce Rock Shek 
ter was occupied from about 13,000 to 3200 yr 
BP. during both the Preceramic and Early Ce- 
rami perils (/3. The site has yiekk evidence 
for the culivation of other plants not native to 
southern Central America, including maize, man- 
jo. and squashes dating fm about 9000 to S800 
ye BP. We identified chili pepper starch on a 
‘groundstone tool recovered fom the top of the 
procera deposits the tool and thus its associated 
starch residues have a statigraphic date of about 
600 yr BLP. This anifict also yielod starch grains 
from mize and deanesticated ya (73). 

The oxcupation ofthe coastal shellsmickkon site 
of Zapotal coincides. with the Early Ceramic 
pod of this region of Panama, beginning about 
4800 yr BP. (4), We recovered starches of eles 
from groundstone tools, indicating that the 
peppers were processed and consumed alongside 
4 number of other domesticates at the site, ine 
cluding maize, manioc, andl yams (15). By this 
time, swidden cultivation of several domesticated 
species, including maize and manioc, was ell 
established in the region, and farmers had si 
nificantly deforested the foothills near both 
Panamanian sites (/6). Thus, the Panamanian 
record documents the use of domesticated chilies 
as components of the diet of widen agsicukuriss 
in both Preceramic and Ceramic era groups, 

Fanher south at 3400 min the Peruvian Andes 
lies the site of Waynuna, a Late Proveramic 
house occupied beginning about 4000 yr BLP. At 


Fig. 1. Archaeological sites mentioned in the 
text, Red sites yielded starch grains of chili 
pepper. Blue sites yielded all other classes of 
remains of chili pepper. 


waww.sciencemag.org SCIENCE VOL315 


Waynuna, we found chili starches on processing 
tools in association with maize, arowroot, and the 
remains of whats ikely Solanum sp. (potato) (17). 
“These data indicate thatthe residents of Waynuna 
‘were culivating maize. tubers, and peppers and 
were processing thom into food on site. Waynuna 
-yiekdd the only starch assemblage that containod a 
Speciesiagnostic morphotype. These chili pepper 
starches appeared to be derive fen C. pubescens, 
the species that includes varieties such asthe roeo10 
pepper. a chili that is cultivated at mid-altinude in 
the Andes (2), When combined with macrofossil 
cevidonce (Table 1), the starch data indicate thatthe 
cultivation of three domesticated species of chili 
Pepper was contmporancous on the coast and in 
the highlands of Peru as cary as 4000 yr BP. in the 
[Late Preceramic perio. The presence of numerous 
fiber cubivars within the assemblages of each 
region indicates that sophisticated agriculture was 
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practiced in both regions before the introduction of 
pottery 

We also found starches of chili peppers at the 
Thee Dog site located on San Salvador Island in 
the Buhamas. This site was ocupied by a group of 
fisher-honiculurists about 1000 yr BP. Rep- 
resenting the material remains of at least one 
hbouschol, the site consists of a midden, two 3c~ 
tivity areas, and a lowdensity (wellswept) area 
Ffly-cight chert microlits, all typical of the mor- 
phology commonly described as manioe grater 
flakes (J8-20), have been recovered, as were 
ceramic grdklle sherds. The microliths yielded the 
starchy remains of both maize and unidentified 
roots or tubers. We recovered chili starches trom 
‘40 flakes that also contained starches of maize. 

LLaslly, we recovered microfossil evidence for 
chili pepper at Los Mangos del Parguaza in 
‘Venezuela, a large habitation site oceupiad about 


Table 2. Summary of Neotropical archaeological starches of Capsicum. F, flaked tool; G, 
‘groundstone tool; C, ceramic sherd; 5, sediment sample. 


Sample * Size (um) Source Date in yr BP. (Ret) 
{os Mangos, Venezuela Arovquinoid, Valid) 
tev. a ~$00-1000 (21) 
tev 2.1 a 500-1000 (22) 
tev 3,1 a ~500-1000 (21) 
lev 3,2 a ~500-1000 (21) 
Ler 5.2 2 500-1000 22) 
tev7a 2 500-1000 (2) 
287-89 a 969-1265 Cal (29) 
72032-1035 a 69-1265 Cal (29) 
Toot 10 2 3564-3837 Calf U7) 
Toot 11 6 3564-3837 Calf (17) 
Tool 29 2 3564-3837 Calf 17) 
Toot 30 6 3564-3037 Calf 17) 
car 36 a 3689-3969 Calt 17) 
Zopotal, Panama (Early Ceramic) 
cansra 4 2028 6 3560-4850 Calf (14) 
ome a 25 6 3560-4850 Calf (14) 
Gaur a 325 6 3560-4850 Calf (14) 
Real Ato, Ecuador (Valdivia 3) 
Structure a 4400-4900 Calf (9) 
Structure 1 3 4400-4800 Catt (9) 
Structure 10 3 100-4800 Calf (9) 
Structre 10 1 4400-4800 Calt (9) 
350 3 $600 cal (30) 
oma Alta, Ecuador (Early Formative) 
$5275 5 22-2 6 5050-6250 Catt (9) 
$5275-2 6 16-24 6 5050-6250 Calf (9) 
ssa9e 2 19,20 G 4550-6050 Calt (9) 
Sample 13, 2 24, 28 c 4830-5280 Calf (9) 
Sample 7 1 2 c 4080-4410 Catt (9) 
Level 12 2 24, 28 s 4990-5310 Calt (9) 
Sample 11 a cy c 4250-4860 Calt (9) 
Sample 10 1 2 c 4990-5310 Calf (9) 
Level 14 2 24, 28 s 4990-5310 Calf (9) 
Sample 9 1 2 c 4990-5310 Calf (9) 


“Standard and ANS raticarbon dates from axocated chavceal 2o clibated weak. Standard adicabon date from 
sociated charcoal 2o cliteated rest. ¢Stndardraioatbon dates from astodated shel adjusted for 12023 rai, 


2e clvated reat. 
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Fig. 2. Modem and ar- 
chaeologial starch gran- 
ules from Capsicum. (A) 
‘Starch granule from the 
{rit of modern Capsicum 
‘baccatum var. pendulum 
(aj mirasod showing typ- 
‘ical morphology. Note 
the rounded lenticular 
form and large, flat, cen- 
tral depression, (B) 
chaeological Capsicum 
starch granule from toma 
Alta, (C) Archaeological 
starch granule of Cops 
cum from Real Alto, (D) 
Starch granule trom a 
modern specimen of Cap- 


sicum annuum var. minimum. This starch granule is typical of those from wild peppers. (E) Side view 
‘of a modern starch granule from Copsicum baccatum. Note the linear figure. (F) Side view of an 
archaeological starch granule of Copsicum from Zapotal. 


500010 1000 yr BLP. (21), Several lage, deep stone 
metals were scattered over the surface of the site 
Excwation of a midden deposit yiekled ceramic 


‘pride sherds and microlithic Makes that are often 
‘associated with manioe processing (22), As atthe 
Three Dog site, the remains of manioe are con- 
spicuously absent fron an excavation that yiekled 


aitificts usually associated with manioe process 
ing (22). The same processing tools that contained 
starches of chili pepper also contained remains of 
maize. Root cops, inching arowroot, Mirasina 
sp. (guapo), anxl a member of the Zingiberaccac 
family (ginger) also left their starchy remai 
When combined with the data from the Three 
chili pepper microfossils fromm 
igo del Parguaza support the notion 

ied mixed subsistence economy 
‘of both root and seed crops oceumed at these 
that were initially categorized as being occupied 
bby manioe horticulturists (23) 

Neither microfossils typical of wil species nor 
transitional forms Capsicum were recover fiom 
any site, The presence of domesticated plants used 
as condiments rather thn as staple foods dung the 
Preccramic period indicates that sophisticatod as 
‘culture and comple evisines arene cary throwzheut 
the Americas ang that the exploitation of maize. oot 
‘ers. and chili peppers spread beféee the intduc- 
tion of pottery. Evidence from both makrobotanical 
anal microboanical remains indicates that once chil 
Peppers became incomoratel into the dict. they 
persisted. Apart from the chili peppers, maiz is 
Present at every site we sample. Maize and chiles 
‘occur together from the onset of this recoad until 
European contact and, thus, represent an ancient 
Neotropical plant fo! comple. 
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Multipotent Drosophila Intestinal Stem 
Cells Specify Daughter Cell Fates 
by Differential Notch Signaling 


Benjamin Ohistein and Allan Spradling* 


The adult Drosophila midgut contains multipotent intestinal stem cells (ISC3) scattered along its 
basement membrane that have been shown by lineage analysis to generate both enterocytes 
and enteroendocrine cells. SCs containing high levels of cytoplasmic Delta-rich vesicles activate 
the canonical Notch pathway and down-regulate Delta within their daughters, a process that 
rograms these daughters to become enterocytes. ISCs that express little vesiculate Delta, or are 
‘genetically impaired in Notch signaling, specify their daughters to become enteroendocrine cells, 
Thus, 1SCs control daughter cell fate by modulating Notch signaling over time. Our studies suggest 
that ISCs actively coordinate cell production with local tissue requirements by this mechanism. 


specific anatomical positions known as 
niches, whose microenvironment represses 
premature differentiation and controls prolifera- 


S= cells in adult tisues frequently reside in 


tion (7, 2). Severa different signal transduetion 
pathways including BMP (bone morphogenetic 
Protein), JAKUSTAT Uanus kinase/signal trans 
ducer and activator of transcription), Wnt, and 
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Notch 


apex of th 
ovariole ( 
nab 


O10) M 


known to passively receive signals 
rounding stromal cells that inhibit diff 
and to generate a single type of 
(which may specialize futher aft 


divisions), Recently, intestinal stem ce 
that require Notch signaling for normal 
were described in Ul sila adh 
midgut (Fig, VA) (J, 12). tn cont 


(ECs) and enteroendocrine (ce) cells, 
imeryening divisions and are not aso 
pecitic anatomical sites containing. © 
inomal partners (11) 

investigate the mokscular regula 
Imuhipoteney, we stained midguts with a 
specific forthe Notch liganxt Delta, Ui 
tate nattional conditions (73), ISCs a 


diploid cell ("cll nests" Fig. 1B) disperse 
the monolayer of polyploid ECS lin 
Howard Woghes Medical insttte, Department 


ainege Instuton of Washing 
Baltimore, MO 21228, US 


Fig. 2. 15¢s usually divide asym 
metrically with respect to Delta 
expression and Notch pathway 
activation. (A) Lineage analysis 
(22) shows that individual ICs give 
rise to daughters (EB) that be 
enterocytes (EC) and less frequent 
ly enteroendocrine cells (ee). (B) 
Midgut ce 


expres Delta (red) at 
high levels farow, also (C)] or tow 
levels farrowhead, also (D)} within 
cone cell of each diploid cell nest. 
Here and in images in later figuees, 
DNA is shown in blue. (E) 3D re 
construction of a 4-day 1SC clane 
(oreen) showing that the Deta 
expressing cell (ed) is basal, the 
known location of ISCs (arrow, 
Dashed arrow indicates order of 
clone growth. (F) Notch (red) is 
expressed widely, except in mature 
ECs or ee cells. (G) Notch reception 
(reen) is up-regulated in EBs but 
‘notin Delta-positive ISCs (arrow) 
(G) Notch reception reporter 
channel (white) alone. (H and H 
Aare nest with two Delta-positive 
cells; colors as in (G). () Model: A 
Delta-rich ISC activates Notch 
signaling (arrow) in its: daughtes 
EB, Scale bar in (B), 20 jm. 


Notch 


™ “cont S is reporter were counterstained for Del, 
e . xl that the Neteh reporter was high 

si expressed in the daughter cll [the enteroblist (EB) 

ig. 1, C and D) of ISCs with high Delta levels (Fig, 1G) but was at 


levels in the ISC its (Fig. 1G), fn 
Data-positive cel 
1 Notch ep 


SCs signal via Delta to activate Notch in theit 
cre ba anit ation, daughters (Fig, 1 
conzyme FLP, that activates he MARCM (mosaic analysis with 
‘ Jiviing le call marker) clones (73) of several 
he be . di y hype 
jedi such clones as the i wrescerd protein (GFP) nrker 
posit and nt gene pwoduced in such expe 
k be lee set feat niall io just he ISC or st its 
pembrane. Guts were i a jeling wo possible 
lone i clones of the null alle 
a, and a . results expocted if Deka is an essential 
optical fr istnal Nowe signaling. Many D 
SC always Delta » yo —-mutant clones grew into tumors (Fig. 2B) 
pective ECs or oe cells lacked Delta from those gensrted previous 
. Jut, Delta i J function (17), or into ane EC anal a 
highly spe 9), because of transient perdurance of 
\ xpress Notch (//) Deka protein. Perdurance probably also explains 
(Fig. IF). Conse vine which gut lke N~ amore (7), the DI tumors ate 
ally weccive Notch signal l y mostic for ee-ike cells expressiny 
a contain tanker bir the Prospero and for ISC-Hike cells that lack Prosper 
anseriptioe facts Gi Son (Fig. 2B). ln any ether DY clones the make cel 
Hairless [SiH] that act as seit rentiated as single EC (Fig. 2D), prestanabl 
‘ vation (16). \ its from adults because only the EB was ratte! and it could stil 


EC 


Notch fog 
(e)=> 
— 
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ISC (Fig. 2A). This implies that Dela is not needed 


t wiklaype nd 47° (mean = 29° = 14°; N= 50), 


plasmic markers, we found that the ISC 


outside the ISC for EC differentiation, consis 


us ed) typically contains a mmuch greater 
with the rapid down-regulation of Delta protein their pre-EC daughters vi surface area of contact with the basement mem: 
eves in ISC daghier cells. Ino pathway brane than docs its daughter (Fig. 3, E and F 
tant for a nul allele of Serate ( The striking asymme Delta content green), presumably as a result of this divisional 
the other major Notch ligaral, shows between ISCs and their pre-EC daughters might oriaxation. Division away from the basement 
development (Fig, 2E). These experiments show membrane also explains why the nucleus of the 


that a Dela signal fiom the ISC is funetionally 
required foe d 


ISC was previously observed to lie more basally 


to exit the mitotic cell cr call nuclei (J), No comeltion betwen 


cycle and differentiate into EC orientation and daughter cell fite was 


Other Notch pathway genes were removed i 
MARCM clones within ISCS to further analyze 


ISC signaling, Newall (neu) oi 


dered) whether Notch signal 


wxkes an E caption might dle in EBs fad to become EG 


uti Higase that is requir in the signaling cell and those fied to becom: ce cells. We generated 


for Delta erxdocytosis and activation (U5) ISC marked ISC clones o 1 cells and stil 


pom for Prospero ane! Dela (Pig. 4), The ISC in 


required in the ISC (Fig, 2A). Moreover, Dela. 


protcn in such tumors was predominantly adjacent arise simply by difcrenial segregation of Delta could 


th known requirement for ner in Delta endeeytosis 


arity express! Delain cytoplasmic vesicks 


(8, 19), Clonally removing Sut, the CSL tear sully at high kvels (Fig 4A,.N > 100) In string 
ducer of the canonical Novel signaling. patho conte, [SCs that had just produced an ge precursor 
(5), also yonerated tumors mesic for Prospes contain few cr no cytoplasmic Delt vesickes (Fig 
(Fig. 21), Unlike ckanes of the signaling cell gone 4, B wD, N= 20) This was te for ISCs that had 


about hal 


ast switche fam EC 10 ce prxhuction (Fi. 4B) 


lors lke cll as those that had just completed second 


tumors, indicating that these 
the EB (Fig 2), 


contained high keve 


nes ae regula consecutive oe (Fig. 4, Ca £ 


Consecutive po 
anor calls Lacking Prospero 
of Delta (Fig. 2, 3 and Ko), 


sction of exactly two ee daughters appears to be the 


1e observed no counterexamples thes 


Fig. 2. Asymmetric Delta 
signaling from ISC to EB 
functionally required for EC 
production and mitotic cell 
gycle exit. (A) Expected out 
comes of 15C clones (green) 
lacking Dt (or neu); Notch 
signal (N) is shown by an arrow, 
Foursday ISC clones (green) of 
f° generate (B) a tumor 
mosaic for Prospero (ed), (©) a 
tumor plus a single EC, or (D) 
single ECs. (E) Four-day clone 
(green) of the Serrate®#* null 
allele showing normal ISC 
(arrowhead) and EC produc 
tion (arrows). Armadillo (red 
highlights cell boundaries. (F) 
Sevenrday ISC clones (green) of 
neu! form tumors (arrow) 
mosaic for Prospero expression 
(ed, nuclear), or single mature 
Fs (arromhead). Delta (re, cyto 
plasmic), (G) The red channel 
from (F; cells lacking Prospero 
‘contain plasma-membrane Det | 
ta. Cells expressing Prospero | ‘lones| isc 
lack Delta. (H) Tweive-day 1SC eet 
clone (green) of the SuH)™? 

null allele forms a tumor mo- 

saic for Prospero (nuclear, red. (I) Expected outcomes of SC clones (green) red) expresses Delta (cytoplasmic, red) like ISCs. (K) Delta (red) and DNA 
lacking Su(H) (or W). Impaired Notch signal reception in EB is denoted by a (blue) from ()). (L) Notch” clone (green) expressing Prospero (nuclear, ed) 
blocked arrow. () Notch” clone (green) not expressing Prospero (nuclear, lacks Delta (cytoplasmic, red. 


A 


isc 
clones 
br 


ww) 
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eesperiments, However, ISCS tl 
pleted an ce pair al 


duction contained maliple Dela vesicks 


Fig. 3. Delta vesicles are distributed 
asymmetrically shortly after mitosis. (A) 
Equal distribution of Delta vesicles (red) 
during ISC anaphase. Cytokinesis fur 
row is shown by Anilin stain (green) 
(B) Down-regulation of Delta (red) in 
the newly formed EB and tra 
asymmetric positioning of vesicles with 
in the ISC (arrow); Anillin (green) 
hows nuclei, (C and D) Mitotic ISCs 
in 30 reconstruction. Phosphohistone 
H3 (green) and 
ing define the 
ive to the basement membrane 
(blue and red axes), The ISC in D) 
also stained for u-tubulin (red. (E an 
F) An ISC-EB pair stained for Delta 
(red) and Notch activation reporte 
(green) reveals that 1SCs have greate 
contact (dashed tine) with th 
rmient membrane (bn) 


tubuin (ced) stain. 


division angle (0) 


Fig. 4. (A to E) Delta ex 
four-cell 1SC clones (green) stained for Prospero (nuclear 
shown, Arrowheads denote ISCs; arrows denote prospective ECs producing a 
EC (Prospero absent) always express Delta. (B) ISCs that have just switched to ee cell 
present) production express little or no Delta. (C and D) 1SCs producing a second 

Cell express litle or no Delta. Inset: Clonal marker for (C). (E) ISCs that has 
to EC production express Delta. (F) ISC clones (green) expressing N~ 
indicating that such ISCs are not maintained. Scale bar, 20 jum. 


ession levels in 1SCs determine EC versus ee fate 


be 


es of two- to 


(Prospero 


just switched from ee 


Ic two EC, 
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ann become ECs Daughters of 
ytoplasmie Deka 
a much weake 


i 
irely, as in Ne 


Joncs afler ane or two divisions, only: ISC-lke 
Laughters would be produced. Neither ce precur 
sors nor ISC-like cells would exase division when 


ang is impaired. We tested 


essing an activated Notch reegptor (N** 
ARCM ISC chi 


(Fig. 4F), N 
evel of Notch 


jgmiling, all became ECs (Fig. 4F), In adkition, 
none of these clones grew abuve two cells in size 
ich shows that Notch activation within the ISC is 
suflicient to force its dfleretiation as an EC 


Fong-standing issues in stem cell biology, First 
hey illustrate that highly specific stem cell 
markers can be obained, at cast fora puticular 
m cell under particular conditions, Vertebrate 
SCS € ly be identified with certain 
od in (20)], but Notch signaling is similar 
Consequently, it might be possible to identify 
rate ISCs_ as a subpopulation of cell 
chad in Notch ligands within regions of th 
Seo aust ow stem cell activi 
: ith tissue requirements (i 
SIA 1k signals fiom existing ee 
ant other cells may influence an ISC's Notch 
ity and hence the type of cell 
reuroblass and sensory. ongan 
scgrcgation of molecu that bias the subwexuRtt 
. Notch signals [reviewal in (21), 
Dither naling requies the asyn 
nttic endocytic walling of Delta an Notch 
lor prccursor cell division [reviewed in (/ 
Recycling endosomes, an essential component of 
Notch signaling, lecalize to poricentromerie region 
ad ave box repented to sree differ in 
y sensery ongan prccursar divisions (22) 
Our staes s nlocytic taicking of 
Delia may also be involved in ISC function, We 
doscrvod that Deltatich vesickss accumulate on 


previously characterized niches. In the ovarian 
senline stem cell (GSC) niche (/), the GSC 
adhires to adjacent stoma cells ata anatomically 
Tocation and responds to local signals that 
rentition (fig. SIB). GSC daughiers 


sed outside thi 

In contast the ISC plays an 
ia Notch 10 in 

entiation, 1 


hether extemal signals are also impor 
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‘ant in maintaining ISCs, in a manner analogous 19 
‘GSCs. Inany case, tem cells such as ISCs, which 
nse local cellular requirements and produce 
appropriate dauglver cells in response, likely play 
central rule in the physiology, longevity, and 
pathology of the tissues they maintain 
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Polymerizing Actin 


Fibers Position 


Integrins Primed to Probe for 


Adhesion Sites 


Catherine G, Galbraith,* Kenneth M. Yamada," James A. Galbraith? 


Migrating cells extend protrusions, probing the surrounding matrix in search of permissive sites to 
form adhesions. We found that actin fibers polymerizing along the leading edge directed local 
protrusions and drove synchronous sideways movement of ji integrin adhesion receptors. These 
movements lead to the clustering and pastioning of conformationally activated, but unligated, 
Bx integrins along the leading edge of fibroblast lamellae and growth cone filopodia. Thus, rapid 
actin-based movement of primed integrins along the leading edge suggests a “sticky fingers” 
mechanism to probe for new adhesion sites and to direct migration. 


he first steps of mammalian cell mi- 
| ation are extension of the leading ed 
and attachment to the surrounding extra- 


cellular matrix (7), Extension is driven by actin 

polymerization (2), with the position (3), speed, 

J persistence (4) ofthe heading eu 

by actin-binding pr 
‘uniform: 

flat protrusions such as fibroblast lamellae and 

growth cones advance and ret 


regulated 


ins. However, extension is 


Jiacent regions of many broad, 


‘dependently, and which region moves forwa 
continually redefined by transverse mover 
(5, 6), Observations on protrusion dynamics led 
the hypothesis that these protrusion variations 
used to search for permissive sites 10 
walhesions (7.8). However, no known dicet 
relation between protrusion dynamics and the 
lity of adhesion receptors to probe the matrix 
has been identified. 

We studied protrusion dynamics during the 
initial matrix exploration, Using hig 
differential interference contrast (DIC) opts, 
we observed small ripple protrusions travers 
of fibroblast lamellipodi 
the leading 1 t 2 jen of the lamella (Fi 
and B). The ripples did not move sideways atthe 


the outermost ed 
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same speed (0.10 = 0.06 yun, = 34) that actin 
rnetwork treadnilling (0.028 = 0.013 jms, 

$1) (2) moved microspikes and filopodia pre- 
‘cursors laterally (Fig. 1D) (/0, 11), Instead, the 
ripples moved at the sume spsed that actin 
polymerization elomy © flopesi 
(/2)and wockets Listeria bacteria (13), Although 


tes growth co 


ig. 1. Local increases in actin polymer- 
ization occur at small ripples traversing 
the leading edge of migratory fibroblasts. 
(A) DIC and PaGFP-actin images showing 
INIH3T3 fibroblast lamella () and lameli- gg 
podium (Jp). Region of cell is shown 

inset, and black box indicates region in 
(©). Sale bar, 5 um. (B) Histogram of the 
ripple duration or wave period (n = 106, 
21 cells) (15). Kymographs from DIC 
mages show the duration of the trans- 
verse ripples (white bracket) and local 
forward protrusions (black bracket. Hor- 
izontal scale bar, 20 5; vertical, 0.5 ym. 
(©) Cytochalasin D (CD) deceases the 
frequency ofthe ripples. (D) At the tips of 
ripples, there are localized increases in 
PaGFP-actin fluorescent intensity (red 
arromheads). The ripples move sideways 
faster than either the lateral movement of 
filopodia (vertical yellow arrowheads) or 
the rearward movement of actin (horizon- 
tal yellow arrowheads) due to lamella 
network treadmilling. Dashed lines mark 
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the frequency of ripples decreased in response h 
the actin-depolymerizing agent cytochalasin D 
(Fig. IC), the associated actin dynamics are dif 
ficult to visualize with green Muoreseent protein 
(GFP)-aetin because of the density and rap 
turnover (9), We therefore exploited the proper- 
ties of photoactivatable GFP (PaGFP) (J) 10 
cestblish the threshold of visible actin and 10 
restrict visu 40% of the expressed 
PAGEP-actin (/5), Limiting 
Jocalized inen 


ation 10 


tivation revealed 


sideways with the ripples (Fig. 1D and movie 
SI. 


The incre sent thickness 


8 did not rep 
ations or membrane lifting, because they 
persisted 

"monomeric red fluorescent protein (MREP) sig 
nal, and the ripples remained within a single DIC 
‘optical section (J), The intensity increases are 
local actin polymerization at crests. of ripples 
traversing the leading expe (82% colocalization, 
n= 198) (Fig. 1D and movie S1) (5), 
Restricting the region of photoactivation re- 
caled that activated PaGEP-actin localized at 
the tip ofa nascent ripple and accumulated along, 
the clr 


afler normalization by the cotransfected 


10 


positions of yellow arrowheads, Scale bar, 5 ym. 
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asymmetric accumulation of PaGFP-actin, pho- ential actin elongation alony 
toactivation of PaGEP alone produced a sym- ing protrusions. 

metric signal that spread throughout the cell and To test if the localized increases in actin 
Was consistent with simple diffusion (fig. SI), polymerization are involved in matrix probing 
We also found that the vasoditatorstimulated — we compared them with the location of integrin 
phosphoprotein (VASP), which protects barbed adhesion receptors, Using a fluorescent, non. 
‘ends from capping (4), localized to actin clon- perturbing of 
fing edge (Fig. 2Band movie integrins that was temporally and spatially 


the edge of advanc- 


tibody, we observed chiste 


acme the le 
ting VASP-tippeed actin re 
and redirected the larger regions of forward crests of rippks (Fig. 2, D to F, and movie $2), 


ped synchronized with actin polymerization at the 


ns and actin remained colocalized 
period (corrclation 


protrusion (movie $2). Thus, it scems that the The fy inte 


Transverse ripples represent local sites of prefer- during an ~3-min mon 


os 016 028 
‘Speed (wv) 


405 0 5 to e 6 100 150200 
Distance (um) Time (s) 


Fig. 2. fh Integrins move synchronously with actin polymerizing at the crests of ripples. (A) 
Activated PaGFP-actin (fluorescence) initially localizes to the tip of a nascent ripple (DIC) and 
accumulates along the entire ripple as it elongates, Arrows slanted toward direction of ripple 
movement. Scale bar, 1 jim. (B) VASP, which enhances actin polymerization (4), is localized at the 
tips of actin fibers elongating along the leading edge. Scale bar, 5 jum. (C) Histogram of ripple 
speed (n = 34, 27 cells). (D) A sequence from movie 53 shows enhanced green fluorescent protein 
(EGFP)-actin and fi integrin moving synchronously with the tip of an elongating ripple (arrows). 
Scale bar, 1 ym. (E) The first image of movie $3 shows EGFP-actin and [iy integrins have 
corresponding increases in intensity. The yellow contour indicates the single-pixel-wide line used to 
obtain the intensity traces shown in (F). Scale bar, 5 jum. (F) Fluorescent intensity of EGFP-actin 
(ed) and fy integrin (green) for image in (B); arrowheads correspond to those in (ED. (G) Cross- 
correlation analysis shows a strong correlation between the intensity traces of EGFP-actin and 
Ba integrin at the edge and essentially no correlation behind the edge. (H) A high correlation 
between EGFP-actin and ( integrins is maintained along a 20 uum length of the leading edge 
throughout the ~3-min monitoring period (correlation coefficient 0.53 + 0.13 at the leading edge, 
n =54, and 0.01 + 0.14 behind the lamellipadia in 2 region devoid of adhesive contacts, n = 54) 
(A to © are NIH3T3 cells and (D to H) are human foreskin fibroblasts. 
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coetficient 0:50 = 0.12, 1 
contrast, int 


17, five cells), In 
ins did not colocalize with 
behind the leading edge (correlation 
covlicient 0.01 = 0.16, = 140, five cells) 
(Fig. 2, G and H, and movie $3) (5), Similar 
conlations were obiained for positive and 
be z. $3). Thus, 

ins move synchronously with polymer: 


tive contol, respectively ( 
By ime 
izing actin along the leading edge. 


To test whether these (integrins were capabh 

of binding extracellular matrix, we examined theie 

conformational state and found activated (in. 

‘grins colocalized to the tips of actin along the 
" 


dead lation coefficient 0.63 + 0.10, 
n= 14) Fig. 3, A ana B, figs $2 0 $5), To vst 
ize activation andl w determine where the transi 
h-alfinity state occurred, we developed 
a fivecell assay using a fluorescent antibody 
tageting highallinity [integrins (DEG7), We 
initially labeled all ofthe activated fy inte 
the call surface 0 that 
would reveal newly activated [i inte 
newly labeled inte 
wedge (Fig. 3C and movie $4), 
The activated i inte 
fibvonectin but could bind fibronectin fragments 
(ENI2OKD), specifically, with the asp integrin 
heterodimer (Fig, 3D) 
consistent with an increased! avidity for fibro. 


any subsequent labeling 
s, These 


ins appeared only at the 


ins were not ligated 10 


ind fig. $2), which was 


at the Ieading edge (16, 17), Although 
unligated high-affinity integrins, which ean 
bind vitronectin or fibronectin, transiently local 
ing cells (18), we did not 
find fs integrin localization (ig. $3)or increased 
Vitronectin avidity at the leading edge of mi- 
guating cells (17, 19), Moreover, the observed 
spatial correlation between high-affinity fh, in- 

ns and actin was not 
cell type, antibody, or exteacelluar mates (Fig, 4 
and fig. S3). Activated, but unligated, fibronectin 
adhesion receptors atthe h 
have a direct role in sampling the extracelh 
matrix dri 


ize vothe edge of spr 


estricted to a single 


ding ede may thus 


We tested the functional relation between 

tin polymerization and activates! fy integrins 
by altering actin dynamics (Fig. 44 andl fg, S4), 
Decreasing the number of polymerizing actin 
ends by capping with cytochalasin D docreased 
the density of activated fh integrins, while 
increasing the number of polymerizin 
with the stabilizer jasplakinolide (9) inereased 
the activated, integrin density at the cell 
periphery. Moreover, ners 
without changing the number of barbed ends, 
with the myosin I aden 
(ATPase) inhibitor blebbistati 
han 


sing. actin turnover 


Jing triphosphatase 
(U5, 20) did not 
the activated ff, integrin density, Con 


sistent changes in activated fi, integrin density 
were observed with siRNA (small interfering 
RNA) knockdown of the cofilin phosphatase 
si rotcin Bi (tig. $4). De- 


spite the changes in density, the correlation 


shot and capping 


between activated fy integrins and polymerizin 
[correlation coefficient 0.49 
0 0.54 with no statistical difference (P > 0,08) 
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B conrs 


Fig. 3. Activated but unligated [5 in- 
tegrins are located at the tips of actin 
fibers at the leading edge. (A) Conforma- 
tionaly activated integrins are spatially 
concentrated at the tos of polymerizing 
actin at the leading edge of human fore 
skin fibroblast. Scale bar, 5 ym. (B) Fl 
orescent intensity of Factin (red, activated 
fx integrin (blue), and total (active + 
inactive) fi integrin (green) along the 
yellow ine in (A). In this example, the 
Correlation coefficient is 0.69 between total 
{x integrin and Factn, and 0.75 between 
activated integrin and F-actin. The 
average correlation coefficients fr mult 
ple cels are shown in fig $3 and Fig. 20 
(n = 14), Total and active integrin 


distributions are compared in fig. S2D. Scale bar, 5 jm. (C) Sequential 
fluorescent (top) and DIC (bottom) images showing the activation of 
Different color arrowheads differentiate 
individual activation-specific antibody binding sites atthe leading edge that 


By integrins on NIH3T3. cells: 


Fig. 4. Localization of activated jb in 
tegrins at the leading edge depends on 
availability of polymerizing actin ends, 
(A) NIH3T3 cells stained for activated 
Bs integrins (green) and F-actin (red and 
Grayscale) show a decrease in activated 
Bx integrin density when actin is capped 
(cytochalasin D, n = 19) and an increase 
when actin is stabilized to increase 
the number of free ends (jasplakinotide, 
n= 22), Inhibiting myosin It ATPase 
(blebbistatin, n = 18) did not change the 
umber of actin ends or the integrin 
concentration, Scale bar, 5 ym. Boxplot 
of activated [by integrin density normal- 
ized to control (n = 27). (B) Activated 
Bx integrins ae also localized to the tips 
of polymerizing growth cone filopodia 
(NG108 cells). Seale bar, 5 wm, 


between eytochalasin D (n= 23 


(= 27), blebbistatin (n ~ 34), and contol (1 
25)) (15). tivated By integrin 
density thus correspond to the numberof poly 


The changes in 


erizing actin ends 

To further test whether By integrins interact 
With, polymerizi 
cells with Triton X-100 to remove the cell mem. 
brane and membrane-associatad proteins but 


we demembranated 


We actin, 


leave behind the cytoskeleton and eytoskeletally 
associated proteins (75). Activated integrins 
{quantitatively colocalized with the tips of 
actin at the leading edge in the 
ted cells (fig. SSA), 
localization of activated and toral in 
rns was decreased by SIRNA knockdown of 
talin 1, direct physical i 
Br in 
actin fibers 


cer between actin and 


ins (27) that is associated with tips of 
long the leading eds Ad. 
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ditionally, the kealization was not changed by 
knockdown of actinin 1, another direct linker 
(23) tha is not similarly concentrated 
leading edge (fig. SSC). These da 
talin contributes to the linkage between (in: 
tegrins and polymerizing actin at the Kadi 

We also found activated fy integrins local 
the tips of growth cone filopodia (Fig. 


activated 6 inte 
rowth cone path-finding. Ad 
we tested whether the activated adhesion re- 


role in tionally 


ceptors at the cell perimeter 1 


tion force to match matrix stiffness by usi 


‘optical trap assay (77, 24, 26). We found con- 
nections formed between fibronectin and the 
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subsequently move rearward. Vertical scale bar, 2 jum, (D) Boxplot shows 
activated integrins do not ross-comeate with endogenous fibronectin (n= 8) 
but do correlate wth added FVL2010 ( 

antivaies (n = 8) (P< 0.000), 


7) and can be blocked by inhibitory 


adhesion receptors at ripple protrusions. were 
more likely to regulate migration force (8S 
sdat other regions 
n= 12), This 
ated fy integrins are lo 


n= 13) than conncctions fom 
ading edge (25 


along the 


atthe ends of 
puide migr 
gration force 


tin fibers to probe for ligands, 10 
1 direction, and to rogul 


Polymerization of actin fibers dirccts the 


movement of a variety of protrusions ranging 
ffown rocketing Listeria (27/10 elongating filopo- 
dia (/2), Our data indicate that preferential 
localized polymerization and elongation of 
tin filaments or fibers along the leading edge 
The poly 
nd clustered fy integrins 


sicer local forward protrusions, 


spatially position integrins primed to probe 
the matrix at the very front of eell protrusions, 

sticky 
verse Variations in actin polymer: 


creating x” along the leading 


edge. Tra 
zation along thi 
primed integrin 
the extracellular matrix than simple forward 
and backward movement, This might allow 
cells with well-developed adhesive contacts 
make 
without severing and reest 


advancing perimeter allow the 


receptors to sample more of 


direction 
atin 
Thus the 
tions in actin 


changes in_ mig 
ishing. th 
connections under the eel body 


polymerization probe the matrix for adhesion 


sites by positioning primed adhesi 


tors along the advancing cell perimet 
migration 
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Maplike Representation of 
Celestial E-Vector Orientations 
in the Brain of an Insect 


Stanley Heinze and Uwe Homberg* 


For many insects, the polarization pattern of the blue sky serves as a compass cue for spatial 


navigation. E-vector orientations are detected by photoreceptors in a dorsal 
finally integrated in the central complex, a brain area 


Polarized-light signals from both eyes at 


area of the eye. 


consisting of two subunits, the protocerebral bridge and the central body. Here we show that a 
topographic representation of zenithal E-vector orientations underties the columnar organization of 
the protocerebral bridge in a locust. The maplike arrangement is highly suited to signal head 


‘orientation under the open sky. 


ny ana including bis, ais cop 
Mitestssntieret sara 

¥y 10 pereeive lincarty polarized light 
(2). The plane of polarization (E-vextor) varies 
systematically aemoss the blue sky and depends 
‘on the Sun’s position. Fora yarcty of insects this 
pattern has been shown to guid: spatial orienta 
tion (2), In locusts, polirotacti orientation 
pends on a specialized part of the compwxmnd eye, 
the dorsal rim area (3), and involves several een 
tral processing stages including the central com 
plex (7-7). The exntral complex (CC) isa group 
‘of ncuropis spanning the midline of the insect 
bain, Substructures are the protocerebral bride 
(PB) and the upper and lower divisions of the 
central body. An outstanding anatomical feature 
fof the CC is its regular and highly sophisticated 
nternal neuroarchitecture (8-10) In simp 
terms, it consists of stacks of anys, cach com 
posed of linear arrangement of 16 columns with 
topographic interhemispheric connections be- 
tween columns both within and between dif= 
ferent arrays. Hypotheses on the functional 
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roles of the CC range from a control center for 
motor coordination (7) to a recently demon- 
sirated involvement in visual pattern Jeaming 
and recognition (/2). In the locust, several cell 
types of the CC are sensitive to the orientation 
‘of zenithal E-vectors (5), but the correspon= 
dence of cell moephology and E-vector tuning 
has remained obscure. In this study, we have 
used intracellular recordings combined with 
dye injections toanalyze 
ncurons of the locust with colurm 
tion domains. 

‘Two major classes of polarization-sensitive 
(POL) neurons were encountered regularly when 
we recorded from CC newons: (i) a particular 
type of tangential neuron of the PB and Gi) 
several types of columnar neurons. Tangential 
jeurons of the PB, termed here TBI neurons, 
have not been described previously in the locust 
‘orany other insect. A total number of 18 of these 
cells were analyzed. Their morphology was 
revealed by iontophoretic tracer injection, histo- 
logical processing, and camera lucida reconstruc 
tion (/3) TBI neurons provide a connection 
‘between a posterior brain region, the posterior 
‘optic tubercle, and the PB (Fig 1, A/and B). Each 
TBI neuron had two domains of vancose and, 
thas, putatively presynaptic arborizations con 


fined 10 a single column in each hemisphere of 
the PB, When PB columns are numbered as Li 
(ateralmast column inthe Kt hemisphere of the 
PB) to LX (emost medial column in the lett 
hhomisphere) and, accondingly, from RI 40 RS in 
the right hemisphere ofthe bridge, TBI neurons 
with varicose ramifications in columns RU/LS, 
R2L7, RALS, RSLA, RO/L3, and R72 were 
encountered. Varicose processes. were always 
ight columns apart, with processes ipsilaterally 
none the four outer columns and contralatraly 
of the four inner columns (Fig 
rnicighboring. those with varicose pro- 
cesses Were five of ramifications, and six to eight 
‘other columns were invaded with fine, smooth 
arborizations. Furthermore all TBI neurons hind 
varicose arborizations. in the po 
tubercle, ain area connected toa smal neuropil 
in the optic lobe, the agvessory medulla (74), 

The pattem of varicose arboriations in the 
PB corresponded 10 physiological properties of 
the TBI newons. For intracellular recordings the 
animals were fixed in the recording setup and 
stimulated from the zenith with a rotating 
E-vector, Recordings were obtained from thei 
‘main neurite in the PB, Each TBI neuron showed 
polarization opponcncy, ic, E-vector oric 
tions leading to an increase in spiking 3 


ivity 
(excitation) were oriented perpendicularly to 


Exvoctors, leading wo a doerease in spk 
ity (inhibition) (Fig. 1, C and D). The E-vector 
tuning (vector orientation resulting in- max 
‘mum excitation, Paya) Was determined for each 
neuron by circular statsis [Rayleigh test (5). 
Exector tuning of TBI neurons showed a 
relation tothe position of ther varicose ramitica- 


tions in the PB (Fig. 1F). Thereby, a range of 


pay tings of 182° = 71° extends through the 
ight columns ofeach hemisphere ofthe PB and, 
ths, coresponds to the whole range of possibly 
cccurring £-vector orientations, 

Because the E-vector map in the PB corre- 
sponils with the proposed output regions of the 
TBI neurons, we asked whether candidate post- 
synaptic neurons show a similar representation 
of E-vector tuning. Columnar neurons have ar- 
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borizations in single columns of the PB and 
send axonal projections to an area outside the 
CC, the lateral accessory lobe (LAL), Several 
cell types have additional arborizations in distinet 
columns of the central body. Three types of these 
neurons are polarization-sensitive (Fig. 2). We 
‘evaluated the data from 19 recordings from these 
cell types, termed CPUI, CPI, and CP2 neurons, 
CPUL neurons have smooth endings in sin 

‘columns ofthe PB, in columns of the dorsalmost 
layer 1 of the upper division of the central boxy 
(CBU), and an axonal fiber with varicose endings 
the LAL (Fig. 2A). Each neuron connects a 
single column of the PB with two neighboring 
‘columns of the CBU, following a wiring scheme 
deseribed for Drosophila (9)(Fig, 2G). AICPUL 
neurons (10 reconlings) showed polarization 
‘opponeney and! background! spiking activity of 


20 10 40 Hz. Comparison of the innervated co! 
tums in the PB and yx tuning again revealed a 
spatial representation of E-vector orientations 
across the PB, which covered a range of 2 
73° through the 8 PB columns in one brain 
hemisphere (Fig. 2). The slope of the regression 
lines of TBI and CPU! neurons did not differ 
Significantly [P = 0.32, analysis of covariance 
(76), indicating thatthe wning range through the 
16 columns of the bridge matched for both cell 
types. However, the CPUL map was shitled by 
101° (equivalent to -79°) relative to the map 
TBI neurons (significantly different elevation of 
regression lines, P< 0.0001) 

The remaining two types of columnar neurons, 
CPI and CP2 neurons, alo connected the PB with 
the LAL (Fig. 2, B, C, and 1), but lacked 
arborizations in the central body. Within the LAL, 


c.* 90 
in 

{" by Vid 
fo 

| zm 
= 

10 320 240 
}» 
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wo 


varcone cokenns nthe PB. 


Fig. 1. Morphological and physiological properties of TBL neurons. (A and B) Frontal recon- 
structions of two TB1 neurons; inset shows frontal view ofthe locust midbrain. Scale bars, 100 jum. 
(C and D) Circular plots of mean firing rate during E-vector rotations for the neuron in (A) [(C] and 
(8) ((0)] (n= 4, bin width 10°; error bars: SO). Solid tines indicate background activity. (E) Wiring 
scheme of the TB1 neuron system. Each line represents one TB1 neuron in the PB (black squares: 
«columns with varicose arborizations: gray squares: columns with smooth arborizations; white 
Squares: columns without arborizations). Asterisks indicate TB1 neurons shown in (A) and (B).(F) 
Correlation between location of varicose columns in the PB and E-vector tuning (mus) of TB1 
neurons (n = 18). Because each neuron has varicose arborizations in single columns in the right 
and left PB hemisphere, (Pau values were plotted twice forthe right hemisphere (open circles) and 
the left hemisphere (flied circles) Linear regression shows significant correlation (r= 0.81, SD = 
35.8°, P < 0.0001, two-tailed f test, y = 24.2r + 77.0). Also shown are 95% confidence bands 
(23), At, antennal lobe; CC, central complex; MB, mushroom body: PB, protocerebral bridge; POTu, 


posterior optic tubercle, 


projections were confined 10 cither of wo 
subcompartnens, the median olive (CPI) othe 
Astral triangle (CP2). Both types of neuron haat 
ssnooth arhorizations in the PB. and. varicose 
caidings in the LAL. In all recordings. (n = 9), 
CPL and CP2 neurons showed polarization oppo 
rnency, but had lower background activity (3 10 
15 Hz) than CPUL and TBI neurons, As for 
PUL and TBI neurons, regression analysis of 
poole data from CP and CP2 neurons revealed 
a finear corelation between the innervated col 
‘umn in the PB and the E-vector tuning of the 
(Fig. 29). The linear regression for CPL 
over a range of 206° » 76° over one 
Iremisphere (cit columns) of the PB and was 
‘ot significantly differnt fram the linear regres- 
sion for CPUL neurons (slope: P = 04777, 
clevation: P= 0.3525), It was, however, phase 
shied by 111° (equivalent 10 69°) against the 
smup of TBI neurons 

The present study shows, independently for 
Ahrve different cell types, that a map of zenithal 
Exe tons undertiesthe columnar on 
nization of the locust PB, This spatial represen 
tation adds a level of complexity 10 sensory 
‘processing in the insect brain, hitherto thought 10 
be achieved only in vertebrates. In most neurons 

oecumred over at 
£E-vecior orientation range of about 60, implying 
considerable overlap for neighboring. columns 
and the necessity of a population code for re= 
trieving exact information from the firing rates of 
these cells (17) 

‘Under the open sky, the activity in the POL 
nnourons described here is ditetly rete 10 the 
icctonal evintaton of the locusts head, pro- 
‘ida that addtional mechanisms (color exing, 
intensity coding) allow the animal o distinguish 
te soar fio the antisolar hemisphere of the sky 
Coloc-oding properties suited 10 full this re 
duirement have been demonstrated recently for 
POL neurons at an input stage wo the CC, the 
anterior optic tubercle (U8), Neurons. encoding 
Iycad direction have becn intensely stdiad in 
‘mammals (/9, 20). An impestant difference ofthe 
locust polarization analyzers in the CC is thir 
lobal nature of signaling, The neurons fie 
according 10 zenithal E-vectons, which provide 
information about the Sun's azimuth and, there 
fore, these ncurons behave like an internal 180° 
«compass. In ras, in contrast, head-dieetion cells 
av recalibrate to visual landmarks in each new 
aivironment and are apparently not atranged 
topographically (27, 22). 

‘Although some progress has een made in 
analyzing the wiring principles from which come 
‘putational maps arise in vertebrates (23, 24), the 
simple brains of locusts offer the opportunity to 
akiress this question at the level of single iden- 
tified neurons. Within the PB, the spatial maps of 
tangential and columnar neurons are out of phase 
by about 90°. IF TBI neurons are diretly con- 
rected to the columnar neurons, a phase shift 
60 90° might most easily result from inhibitory 
connections of TBI neurons to the dendritic 
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trees of columnar neurons, Double-labeling 
‘experiments showed that serotonin and a Dip- 
allaiostain-related neuropeptide are present in 
TBI neurons (fig. $5). For both substances, 
inhibitory effects have been demonstrated in 


the wiring of CPUL neurons should result ita 
superposition of the two I80° representations of 
the PB in the CBU, but with a lateral shift of 
about S0° (fi. $3). The fimetional consequences 
of this shift are presently unknown. If the E 
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are merged, the azimuth representation would be 
reduced to only about 156° of frontal space. 

On the basis of the data presented here and a 
event paper by Liu et al, (2), a coherent func 
tional role forthe CC is emenging. In Drasopshila, 


bother systems (25, 26), Whereas azimuthal space 
is linearly represented in the columns of the PB, 


Vector tunings of comesponding CPUL neurons 
in each of the eight double columns of the CBU 


‘tangential neurons innervating specific layers of 
the central body are essential for recognizing 
features of visual objects (elevation in the pano- 
‘ama; contour orientation). Columnar neurons, 
like the CPU! neurons, are ideal candidates 10 
asociate these visual features with information 
‘on their azimuthal direction (fig. $4). Liu et al 
(12) alcady hypothesized that the width of the 
(CBU represents azimuthal space. This is strongly 
supported by our data, but this representation 
‘may differ between cell types and CC substruc- 
tures as pointed out above, 
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Fig. 2. Morphology and physiology of columnar neurons. (A to C) Camera lucida drawings of a CPU 3) 
‘neuron (A), CP2 neuron (8), and CPI neuron (O projected onto three-dimensional reconstructions ofthe 

central complex. Scale bars, 100 jm. (D to F) Circular plots of mean firing rate during E-vector rotations 
{or the neurons shown in (A) to (Q (n = 4, bin width 10°; ertor bars: SD). (G and H) Wiring schemes of 
the CPU1 neuron system and the CP2 neuron system. Asterisks indicate the CPU neuron shown in (A) 
UG) and the CP2 neuron shown in (B) [1] The CPL neuron system (not shown) projects to the MIO but 
4s otherwise identical to the CP2 system. (I and J) Linear correlation between the location of the 
«columnar atborization domain in the PB and the Evector tuning (qa) of columnar neurons. () CPUL 
neurons (r= 0.93, SD = 36.5", P= 0.0001, twortailedt test, y = 30.4 — 762). Midine crossing occurs 


|. We hark. Gebhard, Gotthard, lil, and 
Vth fr contributing physloialdats 
Plier fore ih ats els: A Runa br proving 
‘tree dmensonalrecotrucios of bai srctres: and 
[Buchner pont he abaya. Te wk 
‘ns supported bythe Deutch Forchanggemencha 
(ets HO 950143 and HO 9506, 

Supporting Online Material 

vm siencemag erglepicontentfll31S5810995/001 


Nel ord methods 
‘at 182°. (J) CP1 neurons (open circles) and CP2 neurons (filled circles) have been combined for statistical Figs. $110 55 
analysis (r = 0.97, SD = 38.0°, P < 0.0001, two-tailed f test, y = 27.4x — 61.8). Midline crossing occurs References 
at 171°, Confidence bands are shown at 95%. CBL, CBU, lower and upper divisions of the central body; 25 September 2006; accepted 4 January 2007 
IAL lateral accessory lobe; LT, lateral triangle; MO, median olive; PB, protocerebral bridge. WO.1126/science. 1135531, 
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CChemoautotrophic endosymbionts are the metabolic cornerstone of hydrothermal vent 
‘communities, providing invertebrate hosts with nearly al of their nutrition. The Calyptogena 
‘magnifica (Bivalvia: Vesicomyidae) symbiont, Candidatus Ruthia magnifica, is the first intracellular 
sulfur-oxidizing endosymbiont to have its genome sequenced, revealing a suite of metabolic 
capabilities, The geriome encodes major chemoautotrophic pathways as well as pathways for 
biosynthesis of vitamins, cofactors, and all 20 amino acids required by the clam. 


tazoans at deepesea hydrothermal 
Miri i i 
symbiotic chemwautotrophic bacteria 
(2). Analogous to photosynthetic chloroplasts, 
Which evolved from eyanobycterial ancestors 
and use light energy to fix earbon for ther plant 
and algal hosts, chemoautotrophic endosym- 
biionts use the chemical energy of reduced sulfur 
‘emanating from vents to provide their hosts with 
bon and a large array of additional necessary 
nutrients, In return, host invertebrates bridge the 
‘oxic-anoxic interfice to provide symbiotic bac 
rin with the inorganic substrates necessary for 
chemoautotrophy. The giant clam, Calhproxena 
‘maxnifica Boss. and Tamer (Bivalvia: Vesico- 
Imyide), was one of the first onganisms d= 
scribed after the discovery of hydrothermal 
Vents (2). It has a reduced gut and ciliary food 
zeroove and is nutritionally dependent on its 
y-proteobacterial symbionts (here named Can- 
didatus Ruthia magnifica) (3, 4). We prose 
the complete genome of Ruthia magnifica 
(Fig. 1). Despite having a rcatively small go- 
nome (1.2 Mb), R- magnifica is predicted to 
needle all the metabolic pathways. typical of 
fivecliving chemoautotrophis, including carbon 
ton, sulfur oxidation, nitrogen assimilation, 
and amino acid and cofactor'vitamin bio- 
synthesis (fig. St and table $1), 

‘The following sections outline the recon 
struction of R. magnifica’s chemeautotrophic 
metabotism and what this might mean for the 
biology of its host. Our analysis prov ides direct 
that this symbiont fixes carbon via the 
the dominant form of earbon fixa- 
tion. in vent symbioses (5), by using energy 
derived from sulfur oxidation. The R. magnifica 
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‘genome encodes enzymes specific wo this ey 
including a form IL ribulose 1.5-bisphosphate 
carboxylasc-oxygenase (RuBisCO) and phos- 
Phoribulokinase (6), Interestingly, however, it 
appears that R. magnifica lacks homologs’ of 
sedoheptulose 1.7-bis phosphatase and fructose 
Libisphosphatise and may regenerate ribu- 
Jose 1.Sbisphosphate via an unconventional 
route, one that was a reversible pyrophosphate 
dependent phosphofructokinase [supporting on- 
line material (SOM) text} 

Energy for carbon fixation in R. magnifica 
appears to result from sulfur oxidation via the 
sox (sulfar oxidation) and dsr (dissimilat 
sulfite reductase) genes (fig. $1). The symbiont 
may oxidize its sulfur granules via dsr homo 
logs when extemal sulfide is lacking, as oc- 
curs in both Allochromatium vinosum and 
Chlorobium limicola (7. 8). Momologs en- 
coding both a. sulfide-quinone oxidoreductase 
and rhodanese are also present. and, with the dsr 
and. sax proteins, these enzymes can oxidize 
sulfide o thiosulfate to sulfite (fig. $1), Sulfite 
can then be oxidizes to sulfate by adenosine S'- 
phosphosulfate (APS) reductase and adenosine 
iriphosphate (ATP) sulfurylase before being 
cexponted from the cell via a sulfate transporter. 
‘Genomic evidence of the Calvin eyele and the 
sulfur oxidation pathways confinns the chemo 
sutoautotrophic nature ofthis symbiosis. These 
data support prior reports showing RuBisCO 
and ATP sulfurylase activity in C magnifica gill 
tissue (F, 9, carbon dioxide uptake by the clam 
in response to sulfide or thiewulfate (10), and 
sulfide-binding, zine-containing lipoprotein in 
the host blood stam (12). 

Enengy conservation via the creation of 
charge across a membrane proceeds in 
R. magnifica though a nicotinamide adcnine 
dinucleotide (NADI dchydrogenase. a sulfide: 
quinone oxidoreductase. and an raf’ complex 
(22). The genome encodes a straightforward 
electron transport chain: thus, the reduced 
quinone in the symbiont membrane may transfer 
ccectrons to cytochrome € via a hey complex, 
and a terminal eytochrome ¢ oxidase could then 
transfer these electrons to oxygen (fi SI) 

uranalysis shows that R. magnifica has the 
tential to produce 20 aminoacids, 10 vitamins 


or cofactors, and all necessary” biosyntheti 
intermediates, supporting an essential role of 
symibiont metabolism in the nutrition of thi 
symbiosis, Two nitrogen assimilation pathways, 
«essential to provisioning of amino acids in the 
symbiosis, occur in R-magnifica, Nitrate and 
ammonia, which enter the cell via a nitrate or 
nitrite transporter and two ammonium per- 
eases, are reduced via nitrate and nitrite 
reductase and assimilated via glutamine synthe- 
tase and glutamate synthase, respectively (Fig, 
SI), Although nitrate is the dominant nitrogen 
form at vents (13), the symbiont may also as- 
similate ammonia via reeyeling of the host's 
amino acid waste. Unlike any other sequenced 
endosymbiont genome, R- magnifica encodes 
complete pathways for the biosynthesis of 20 
amino acids, including 9 essential amino acids 
‘or their precursors (fig. $3). R. magnifiew also 
has. complete biosynthetic pathways. for the 
majority of vitamins and cofactors (SOM text) 
The genome encodes a complet 
pathway and the nonoidative 
pentoxe phosphate pathway and, interestingly, 
also encodes a triearboxylic acid (TCA) eyele 
lacking a-ketoglutarate dehydrogenase, ‘The 
lack of this enzyme has been ted 10 
ingicate obligate autotrophy in other bacteria 
(14), Carbon fixed via the Calvin eyele ean enter 
the TCA eyele through phosphosnolpymavate 
and here could follow biasyntbetic routes either 
to fumarate orto o-ketoplutarate 

‘As with other intracellular species, genes not 
found in the R_ magnifica genome reveal im- 
portant details about the interaction between host 
and symbiont, Few substrate-spocitic transporters 
‘were found, suzgesting that the symbionts are 
leaky or that the host actively digests symbiont 
cells Indded, Ruthia’s closest known relatives, 
the bathymodiolid- mussel symbionts, are dic 
gested intracellularly by their host (5). Athough 
the vesicomyids and the bathymodiolids. are 
distantly related, putative degradative stages of 
symbionts also are observed within C magnifica 
tnacterioeytes (fig. S2h). The symbiont is also 
lacking the key cell division protein fiz sug 
sting that, ike Chlamia spp. intracellular 
division may not proceed through usual path= 
‘ways (SOM text) 

Intracellular endosymbionts fen fallow dls 
tinctive evolutionary routes, including genome 
reduction, skewed base compositions, and elevated 
‘mutation rates (76). Given the apparent defects in 
DNA repair in R- magnifica (SOM text) and the 
likely evolutionary forces pushing this. genome 
toward degradation, itis particularly informative 
that Rusia retains genes encoding a full suite of 
chemoautotrophie processes Indeod, R. marifca 
Js the lansst genome of any intracellular sym 
‘ont sequenced to date and may represent an early 
‘niemmediate in the evolution toward a plastid 
chemoautotrophic onzanelle, The broad any of 
metabolic pathways revealed through sequencing, 
of the R_ magnifica genome confirms and extends 
ior knowledge of hos nuttin dependency. 
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Candidatus Ruthia magnifica 
1.2Mb 


Fig. 1. A circular representation of the 


1 Lipid metabolism soos magnice genome The nema cide 
‘ : ights genes of special interest: ct 
@ Cell motility and secretion 600001 (Car Bersoctastom ey fe, Sr 
§ Transcription (sulfur oxidation, green), dsr (dissimilatory 
@ Coenzyme metabolism sulfite reductase, blue), and rnf (NADH de- 
@ Energy production and conversion hhydrogenase). The second and third circles 
Amino acid transport and metabolism show GC skew and %G+C, respectively. The 
1 Translation, ribosomal structure and biogenesis distribution of genes is depicted onthe two 
& Cell envelope biogenesis, outer membrane cuter rings (fourth and fit, forward and re- 
‘© Cell division and chromosome partitioning verse, respectively colored by role category. 
© Carbohydrate transport and metabolism 
Secondary metabolites biosynthesis,transport and catabolism 
@ Extracellular structures 
Inorganic ion transport and metabolism 
Wi Defense mechanisms 
ignal transduction mechanisms 

@ Nucleotide transport and metabolism 
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The Phosphothreonine Lyase Activity 
of a Bacterial Type Ill Effector Family 


Hongtao Li 
Jian-Min Zhou, Feng Shaot 


Hao Xu,* Yan Zhou,* Jie Zhang, Chengzu Long, Shugin Li, She Chen, 


Pathogenic bacteria use the type Il secretion system to deliver effector proteins into host cells to 
modulate the host signaling pathways. In this study, the Shigella type I effector OspF was shown 
to inactivate mitogen-activated protein kinases (MAPKS) [estracellular signal-regulated kinases 

and 2 (Erk1/2), c-Jun N-terminal kinase, and p38]. OspF irreversibly removed phosphate groups 
{rom the phosphothreonine but not {rom the phosphotyrosine residue in the activation loop of 

MAPKs, Mass spectrometry revealed a mass loss of 98 daltons in p-Erk2, due to the abstraction of 
the « proton concomitant with cleavage of the C-OP bond in the phosphothreonine residue. This 
unexpected enzymatic activity, termed phosphothreonine lyase, appeared specific for MAPKS and 


was shared by other OspF family members. 


G=x: ive bacterial pathogens often 
use the type I secretion system (TSS) 
1 inject into host eels efector proteins 
at interfere with host signal transduction 
ways to promote pathogen infection. MAPK 
plays an important role in activating 

he immune responses in both plants and 
animals and is a fequent target of pathogenic 
clloctors (2-4), Identification of host targets of 
TSS effectors and elucidation of their bio- 
are critical in understan 
the mechanism and the evolution of bacterial 
enesis (3, 5,6). 
‘The TTSS effector OspF is present in all 
the four known pathogenic species of Shigella 
(7-9, a causative agent of bacllary dysentery 
(ZO), Osp, together with SpwC and Hop ll, 
represents family of TTSS effectors conserved 
both plant an animal bacterial pathowens (17) 
(ig. $1). None ofthe OspF family effectors has 
aan established biological or biochemical fanc~ 
tion. To define the biochemical function of Osp 
and the OspF family of effectors as well as to 
identity their potential in vivo targets, we & 
amined effets of OspF on the host immune si 
naling pathways, including those of nuclear 
factor xB (NFB) and MAPKs. 

“Transient expression of OspF in human 2937 
cells efficiently blocked extracellular signal 
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regulated kinases 1 and 2 (Erk1/2) and Jun 
N-terminal kinase (JNK) signaling, whereas it 
did not alter NFxB activation (Fig. 1A). OspF 
abrogated phosphorylation of endogenous 
1. Band ©, 

These results suggest that OspF harbors a specific 
activity of down-regulating multipke MAPKs but 
verexpressea in mam 

steps) in the 


phosphorylation cascade of Raf, MAPK kinase 
(MEK), and Esk kinases (2). OspF blocked Erk 
activation in 293T cells wansiocted with either 
12, v-Raf (constitutive active Ra), or 
1-ED (constitutive active MEK) (Fig. 
1D). Meanwhile, RasVI2-induced MEK | phos: 
phorylation remained intact despite the disop- 
pearance of Exk 1/2 phosphorylation in cells 
expressing OspF (Fig. 1E). Thus, inhibition of 
Erk phosphorylation by OspF is downstream of 


MEKI. along the classical Ras-Raf-MEK-Etk 
caseadk. 
Erk1/2 phosphor lation can be reconsiuted 


in the celbfive extracts system by adding up- 
strcam signaling molecules (3). Addition of bac- 
terally expressed and highly purified OspF (fg 
S2A) in 2937 cell extracts abolished both 
RasV12 and active B-Raf-induced Exk1/2 phos 
phorylation. whereas MEK phosphorylation 
Was not affected (Fig. 2A). This excludes the 
transcriptional regulation of MAPK. pathway by 
OspF and also provides a system that recapit- 
ubses the inhiition of MAPK signaling by OspF 
in cells To further test whether OspF directly 


targets the Raf MEK -Erk1/2 easeade biochem 
‘eal, we reconstituted the phosphorylation eas- 
cade of B-Raf MEK1-Erk2 by using puritied 
Kinases, Addition of OspF to this action large 
ly abolished Exk2 phosphorylation (Fig, 2B), 
Furthermore, recombinant OspE could inhibit 
phosphorylation of glutathione Setransterase 
(GST) Ek by MEK 2C), suggesting 
Erks or MEKs, Recom- 

Iinant EAK2 fused to maltose binding protein 
(MBP-Exk2), but not MBP alone, effectively 
prccipitated OspF (ig. S2A), Flag-OspF also 
‘coprecipitated with endogenous E1k1/2 bul not 
MEKI fiom 2037 cells (li. S2B). Thus, OspF 
tangets Erk and attenuates its phosphorylation 
satus 

Given the direct association between Ospk 
and E142 and that the basal amount of phospho 
Eik1/2 (p-Erk1/2) was diminished by Ospl 
addition in the celhfiae reconstitution assay 
(ig. 2A), we reasoned that OspF could harbor 
phosphatase activity: to reverse Erk. phox 
phorylation, When in_ vitro phosphorylated 
GST-E#2, JNK, and p38 were incubated with 
recombinant OspF, dephosphorylation indeed 
occurred (Fig. 2, D and E), Furthermore, sp 
selectively removed phosphate groups frm the 
threonine but not from the tyrosine residue 
BEX-pY (13) motifin p-Erk2 (Fig, 2, Dan 
‘Thus, OspF harbors an in vitro enzyn 
ity of specifically removing phosphate groups 
fiom the phosphothreonin in the pT-X-pY mit 
in MAPKs. including Erk 1/2, JN 

OspF appears to function as a. threonine- 
specific MAPK phosphotase, However, ouranal- 
ysis rues out the possibility ofa classical provcin 
Phosphatase of OspF in nature [Supporting On 
Tine Material (SOM) text}. To reveal the cima 
nature of OspF activity, we subjected’ MEK 
phosphorylated MBP-EA2 (p-Exk2- control), as 
‘well as MBP-p-Evk2 further treated with OspF 
(-EA2-OgpP), to tandem mass. spectrometry 
analysis, More than 80% of the MBP-ErK2 se- 
quence was covered by observed tandem pep 
tides. All of the peptides from p-Erk2-control 
and p-E42-OspF were indistinguishable excep 
forthe peptide containing the TXY phosphono 
IVADPDHDITGFL-pT-E-pY-VATR (13)), The 
amass of the peptide from p-Ftk2-OspF was 
2204.9 dalton (Fig. 3A), 98 dation less than that 
of the corresponding peptide from p-Erk2 
control The 98-diton mas decrease occurred 
‘0 the phosphothreonine residue inthe pT-X-pY 
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3B), Consistently, when a synthe 
phosphopeptide containing the TXY phospho 
motif in Exk2 (DHTGFL-pF-E-pY-VATR) was 
modified by OspF and the resulting product 
Ivaed by mass spectrometry, a mass decrease 
‘of 98 dalion on the phosphothwonine residue 


Fig. 1. Inhibition of mul- 


compared with the control peptide was also 
‘observed (Fig. 3C). Thus, upon OspF treatment, 
the phosphothrconine residue in the TXY moti 
in both p-Erk: and the phosphopeptide substrate 
underwent a dehydration reaction (18 dalton of 
mass loss) in addition o the loss of a phosphate 


tiple MAPK pathways 35 . 10 
downstream of MAPK ki- rol {- 
nasebyonpein2oaTee Ba i be 

(A) Luciferase assays of io 0 

effects of OspF expression if 4 | « 

on Erk1/2, JNK, and NFxB 10 dv bo 3a) i 
pathways. EU and INK 3 | | 1 1 = 
cere Sy Meg FMD el, 

by coexpression of const AYE # # # Ratti~ + See 
tutive active RasV12 and 

Radsh, respectively, nd PaaMAOwE ~~ + Cooinoge 4 
NFxB was stimulated by eS ae Raclé! — + + 


tumor necrosis factor a 
treatment. V, F, and J 
denote vector, OspF, and 


Yop}, respectively. Error One 

bars indicate standard de- mish —= pss —— 
viaton. (B and €) Phospho- actin 

specific immunoblotting of 
assays. of inhibition of 25 Rave e 

[MAPKs activation by OspF. | 6 Myon’ = bl 

ri po oarme more ea 

antibodies recognize 20) (veut 

‘dual phosphorylated TXY pr wv a 
moti (pT-XpY) in ErkL2, os Peary vex! 
Faeroe ef 

tively, HA, hemagglutinin, L Pek? 
(D) Luciferase assays of + + = paz, 


Ras, Raf-, and MEKI- 


induced rk activation inthe presence of OspF. v-Raf and MEKI ED are constitutive active variants of Raf 


‘and MEKA. Error bars indicate standard deviation, 
‘MEK and Erk12 in the presence of OspF. 


Fig. 2. Immunoblotting analy- A. Owe - - + 
ses of removal of phosphate Bat = 
‘groups from Erk, JNK, and p38 pEMKt2 


kkinases by OspF in vitro. (A) 
Effects of OspF on Erki/2 
activation reconstituted in the 
cell-free extract system. Active 
B-Raf protein was added to 
activate Erk pathway in the B 


Ek1/2, 


p-MEKI 
MEKt 


presence or absence of OspF. gy — 
(B) Effects of OspF on in vitro Hig: MEKI = 
reconstituted Erk2 phosphoryl-  @ST-Enk2_ + 


ation dovinstream of Raf. (C) 
Effects of OspF on Exk2 phos- 
phorylation by MEK1 in vitro. 
(0) Selective removal of phos- 
phate groups from the phos- 
Phothreonine residue in the 
I-X-pY motif in Erk2 in vitro. 
GST-p-Erk2 was treated with 
‘OspF or MAPK phosphatase 3 
(QNKP3), followed by p-Erk and 
‘a phosphotyrasine-specific an- 


(€) Phosphospecific immunoblotting of activation of 


‘030 90 30 


tibody (p-Tyr) immunoblotting. (E) Removal of the phosphate groups from p-JNK and p-p38 by OspF in 
vitro. (F) Phosphotyrosine immunoblotting of Mlyc-Erk2 modified by OspF in 293T cells. 
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s10up (80 dation), The reaction of p-EK2 with 
OspF probably rested in a C=C bond between 
OB and Ca in the side chain of the threonine 
residue (Fig. 3D), suggesting that OspF functions 
as a phosphothreonine lyase that cleaves the 
€-OP bond with the concomitant abstraction of 
the « proton in the phosphothreonine residue in 
p-Exk2. Furthermore, this chemical modification 
Of prErk2 resulting from OspF phosphothneo- 
nine lyase activity fed to a completely inactive 
kinase both in vitro and in cells (fig. $3). In 
addition, OspF="dephosphorylated” Exk2 could 
tno longer be rephosphorylated by MEKI-ED 
(ig. $4), Thus, OspF functions as a phospho 
threonine lyase, rather than a phosphatase, 10 
irweversibly inactivate MAPKs, 

To gain further understanding of the Oxpl 
phosphothreonine Iyase activity, we mutated 10 

all the OspF family 
members (fig, SSA), These mutants had sim 
expression and purification profiles to those of 
the wildtype protein, suggesting that they were 
folded comeetly. Most of the mutants retained the 
Erk2 phosphothreanine lyase activity, whereas 
mutants of KR! K102R), 1A 
(HIOAA), and KA" (KLS4A) were lage 
ly inactive (fig. $$, A and B). These mutants 
‘ould still iow! to Exk (fi. S2, A and ©), sug 
gating a fianetional importance for K102, F104, 
and K134, A nonradioactive phosphatase asa 
was used to quantitatively measure the enzymat- 
ic activity of OspF, OspF efficiently removed 
‘phosphate groups from the Exk2 phosphopeptide 
\with a Michaelis-Menton constant (Ky) oF 95.8 
iM and a catalytic rate constant (ey) of 
0.70 0.045" (table St}. The KLO2R, INO4A, 
and KI34A mutants were almost completely 
inactive in the peptide assay (fig. SSC), Further- 
more, these m in 
down-regulating MAPK. signaling when ¢x- 
pressed in 2937 cells (lig. $6), Thus, K102, 
H104, and K134 are probably essential for 
OspF phosphothreonine lyase activity toward 
MAPKs. 

We then assessed the role of the phosphate 
‘nthe tymmsine in pT-X-pY in the MAPK phos 
phothrconine lyase activity of OspF. When EA2 
(EX-pY) was tyrosine-dephosphorylated by 
proicin tyresine phosphatase (HePTP), subse- 
«quent dephosphory! 
ficient 
the synthetic throoni 
Eik2 peptide gave a higher Ky Value compared 
‘with that of the dual phosphorylated Erk2 pep- 
tide (table S1). Thus. the phosphate on the {10 
sine in the substrate probably: contributes 10 
substrate recognition by OspE. Further kinetics 
analysis using different peptide substrates 
showed that OspF was specific forthe phospho- 
threonine in the elassical MAPKs (with TXY 
motif), with the highest enzymatic activity 
toward p3¥ (able SI). 

‘SpvC, amemberof the OspF family of TTSS 
effectors from nontyphoid Salmonella strains, is 
required for full virulence and systemic infection 


residues. conserved i 


nis were also dh 


nonophosphorylated 
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Fig. 3. The phospho- 
threonine lyase activity 
‘of OspF. (A) The mass 
spectrometry analysis of 
the molecular mass of 
the tryptic peptide 
(VADPDHDHTGFL-pI-E- 
PY-VATR) from OspF- 
treated p-Exk2, Different 
peaks correspond to the 
‘isotopic peaks of the 
peptide. (B) Electro 
spray ionization (ESI 
tandem mass spectrom 
etry (MS/MS). spectrum 
of the tryptic peptide 
shown in (A). b and y 
jons are marked in the 
spectrum. The amino 
acid sequence of the 
Peptide is shown at top 
left, and TA marks the 
OspF-moditied phos- 
phothreonine residue. 
The fragmentation pat- 
ters that generate the 
‘observed b and y ions 
are illustrated along the 
peptide sequence. (C) 
[MSIMS spectrum of the 
OspF-madified synthetic 
Erk2_phosphopeptide 
(ONTGFL-pT-E-pY-VATR).. 


7a he 


Notations are the same as described in (B). Inlet shows the molecular mass of 
the Erk2 phosphopeptide before (control) and after (OspF) treatment. a, 
arbitrary units, (D) Diagram of the chemical alteration of the phosphathreo- 
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Fig. 4. The phosphothreo- > 5 

nine lyase activity of other é LX, ei Filet hss wx ice. 
OspF family members. (A) ; == = 
Imrmaoblting says ot SPESES WSR tt 
removing phosphate GOS ee en? i 
from prtsk2 by indicated 2 mms 
OspF family members in Exk2} 

vitro. t, time, (B and © (min) baht 
Phospho-Erkimmunoboting mee 

assays of down-regulation ———— 
of ik (B), NK, and p38 ABE Tt 

pathways by SprC transec- ee ae * | Vector 

tion in 293 cells. The assay << ‘i 

was performed and the 

Fests are presented sri == = 

larly as shown in Fig. 1. B > aT 5 

and C, respectively, (D) Lu per 

ciferase assays of effets of ) 

SpvC on Erk signaling acti- _ OsPF/S- 2 , 

vated by RasVI2 in 2937 as OspF Svc 


cells. Error bars indicate 
standard deviation. 


(14, 15), Recombinant Spx efficiently re= 
moved phosphate zroups ftom GST-p-Erk2 
(Fig. 4A). SpvC catalyzed the same enzymatic 
conversions of the Erk2 phosphopeptide with 
Kinetics comparable to that observed for OspF 
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OspE. overexpression of SpvC in 
mammalian cells abrogated phosphorylation 
and activation of Exkl/2, JNK. and p38 kinases 
(Fig. 4, B to D), In addition, HopAI1, a type Ill 


Te 
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TS ST 


CHB cH3 
0. ; 
. Ne OPS nn dlc nn 
to) 


rine residue in Ek2 by OspF. OspF cleaves the COP bond with the 
‘concomitant abstraction ofthe u proton, which results in a C=C bond between 
the Cu and the Cj in the phosphothreonine residue in Erk2. 


Pseudomonas 
re in vitro 


effector from plant pathogs 
syringae (ID, possessed the 
cctalytic activity as described for Osp and 


'SpvC. using either poE2 (Fig. 4A) or the Erk2 
phosphopeptide as the artificial substrate (Keay 
0.70 = 0.02.5" and Ky 132.1 8.1 uM). Thus, 


the entire OspF family of TTSS effectors has an 
in vitro phosphothreonine lyase activity. 

To examine whether the type Ilsecroted 
OspF indeed tangeted the host MAPKs, we gen= 
erated an OspF-deletion strain of Shigella 
flexneri 2a and performed an infection assay 
(16), In contrast toa recent report that analyzed 
P-ErkI/2 at 3 hours postinvasion (17), we 
analyzed p-p38 at 30 min postinvasion, because 
OspF was 8 times more active toward the p38 
phosphopeptide compared with the Exk2 plows 
phopeptide (table $1), In addition, several studies 
have suggested that OspF is only transcribed for 
2 hours after bacteria invasion (78, 19). 
amount of p-p38 was observed in HeLa cells 
infected with the OspF-<deletion strain of Shigella 
‘compared with the amount in cells infected with 
the wildtype strain (fig, SSA), Furthermore 
introducing wild-type OspF, but not the 
HIO4A. mutant, into the OspF-dleletion strain 
Jowered the amount of p-p38 in infected HeLa 
culls (fig. SSB). Thus, MAPK is. potential target 
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‘of the phosphothreonine lyase activity of OspF 
during Shigella imkeetion. 

Phosphothreonine lyase uctivity has not been 
described previously: The closest enzyme might be 


plants, which uses a pyridowal phosphate cofictoe. 
This enzyme converts. O-phospho--hemoserine 


Ho threonine through an intermediate that has a 
* bond between the CB and the Cy. However, 
OspF did not show any sequence identity with any 
phospholyase, including threonine synthase, and 
requited no cofictors. This suguests thatthe Osp 
family phosphothreonine lyase has designed an 
lunusual meehanism for enzyme catalysis, To 
_gother, Ospé, Spx, and HopAIL define a family 
‘of conserves pathogenic effectors with a unique 
phosphothneonine lyases activity that probably tar- 
ets the host MAPKs in pathogenesis 
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Archaeal Type III RuBisCOs Function 
in a Pathway for AMP Metabolism 


‘Takaaki Sato, Haruyuki Atomi, Tadayuki Imanaka* 


The type Il ibulose-1,5-bisphosphate carboxylase oxygenase (RuBIsCO) present in the archaeon 
Thermococcus kodakaraensis was found to participate in adenosine S-monophosphate (AMP) metabolism, 
4a role that is distinct from that of classical RUBisCOs of the Calvin-Benson-Bassham cycle. Genes 
annotated as thymidine phosphorylase (dead) and eucaryal translation initiation factor 28 (e262) were 
found to encode AMP phosphorylase and rbose-1.5-bisphosphate isomerase, respectively. These enzymes 
Supplied the RuBisCO substrate, ribulose-,S-bisphosphate, from AMP and phosphate. Archaea with 
type Ml RuBisCOs all harbor both DeoA and the corresponding E2b2 homologs. In this pathway, adenine 
was released from AMP and the phosphoribose moiety entered central-carbon metabolism, 


jbulose-1,S-bisphosphate carboxylase- 
Rr isco tat 

be the most abundant enzyme on our 
planet (/) and is widely known as the Key COs 
fixing enzyme of the Calvin-Benson-Bassham 
(CBB) eyele, which is present in all plants, algae, 
ceyunsbacteria, and many other autotrphic bacte- 
in (2, 3) Besides the classical type T and It 
RuBisCOs of the CBB cycle, two groups of pro 
teins that are sructurally related to the type Hand 
enzymes have been identified and designated as 
type Ill (4, 5) and type IV RuBisCOs (6, 9). Type 
IV RuBisCOs, ax called the RuBisCO-like 
proteins, lack several residues necessary for con- 
ventional RuBisCO catalysis. Thus, type IV 
RuBisCO from Bacillus subilis instead exhibits 
2.34liketo-S-meihylthiopentyl-L-phosphate eno- 
lave activity and operates inthe methionine (Met) 
salvage pathway in B. suis (7), 
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The type Ill RuBisCOs are found only in the 
Archaea, and. they harbor all of the sesiducs 
rnecewsary for nbulose-I.S-bisphosphate (RuBP) 
carboxylasc-oxygenase activity. Proteins from 
Thermococens knxlakuraensis (4, 8-10), Metha- 
moculdococeus jannaschii, Archacoglobus figi- 
dis, sox otter archaca (5, 17) exhibit RuBisCO 
activity. However, a functional CBB pathway has 
not been identified im Archaca, and arcacal ge~ 
home sequences do not support the presence 
of a CBB pathway. In particular, homologs of 
phosphoribulokinase, another key enzyme of 
the CBB pathway that supplies RuBP for 
RuBisCO, cannot be found on the archaeal po- 
nomes. Hence, we first investigated whether 
archaeal RuBisCOs were involved in Met sal- 
Vage, similar to type IV RuBisCO. 

Many organisms use Met as a precursor for 
polyamine elongation with concomitant genera- 
tion of methylthioadenosine (MTA). The Met 
salvage pathway is present in some bacteria and 
‘eukaryotes and recycles MTA to Met (fig. S1) 
(12-14), Homologs of enzymes involved in the 
conversion of Met to MTA are present on the 
T kexlakaraensis genome (15), Although homo- 


Joes of several steps in the Met salvage pathway, 
inchuding three YkrS homologs, anc presen 
'YkrX and YkrZ: homologs cannot be identified 
con the T hoslakuraensis genome. 

The absence of a complete Met salvage path= 
‘way nT. Aadakaruensis was continned by exam 
ining mutant that lacks the ability 0 synthesize 
Mat de nove, Tivo aljacent genes presumed 10 
cncode the components of Met synthase, mci 
(T1446) and metE2 (TK 1447), were disrupted 
(16), The resulting sain, AmetE21-1, dplayedt 
expected genctype (yar Amel 2ynrF) 
and could grow only in the presence of exogsnons 
Mat. The Aunet2/-I strain could not grow when 
Mat was substituted with various concentrations 
of MTA, We then disrupted the 7: kovlakanaensis 
(TRY RUBISCO gene (Therhe) itself and subse~ 
quently isolated the gene-distuption mutant 
(Arhe-1/NA}, which indicated that There isnot 
cssential for growth, We did, however, consist- 


cantly observe a sight decrease in the cell yield of 


Avhe=IAA as compared 10 the host strain when 
lls were grown in nutrienlrich medium. 

We then shifled our attention to the three 
‘YkrS homologs present on the 7 kexlukuruensis 
‘genome and considered various possibilities for 
the roles of these homologs. The three homo- 
Jos. ThE2b1 (45% idemtical with YirS from 
B. subtilis), Th-E2B2 (32% identical), and The 
God? (27% identical), are members of the eu 
karyotic translation initiation factor 2B (e1F2B) 
a/B6 family (17-19), However, the functions of 
the cIF2B homologs in the Archaea are not 
known. The B. subs YkrS is a member of this 
fam 
‘methylthioribose I-phosphate (MTR-1-P) to 
methylthioribulose phosphate (MTRu-1-P) 
(7. We noticed structural similarities between 
MIR-1-P and ribose 1.S-bisphosphate (R1SP) 
and between MTRu-L-P and RuBP, indicating 
that these archaeal IF2B (alF2B) proteins might 
be involved in the generation of RUBP. The 


16 FEBRUARY 2007 


and it catalyzes the isomerization of 
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isomerization of RISP to RUBP also corresponds 
to the reaction proposed to be responsible for 
RuBP synthesis in methanogenic Archaea (20) 
A phiylogencic ree was construct with 49 
AlF2B homologs fom 27 archaeal genomes. The 
homologs composed several subgroups, and we 
found that one branch (shaded in Fig. 1) included 
homologs only from organisms hayboring type 
IML RuBisCOs, with the only exception be 
AAG20089 tom Halobuceruan sp. NRC-1. The 
biased dstibution did not comelate atl with the 
phhylogenatic relationships of the organisms them 
selvex. The conelation prompted us to examine 
experimentally whether there was a_finetional 
onship. between this subgroup of alF2B 


‘homologs, which includes TR-E2b2 and type Ill 
RuBisCO. 

The Th-e2h? and Th-e2h] genes were ex 
pressed in Escherichia onli and heat-treated. An 
nitial examination of RuBP synthesis activity 
from RISP was performed using an RISP solu- 
tion enzymatically prepared with glucose 1,6- 
bisphosphate (G16P), nbose S-phosphate (RSP), 
and phosphoglucomutase. Extracts containing 
TkE2bI displayed only negligible levels of ac- 
tivity that were equivalent to thase found in ex 
tracts fom £ colf harboring a mock plasmid, 
PET2ta(=) (0.001 to 0.002 jarnol ia mg). ka 
‘contrast, although expression Kevels were sub- 
stantially lower than those of TA-E2b1, extracts 


containing TIEIH2 displayed levels of RUB? 
synthesizing activity that were over 10_times 
higher than thee of TH-E261. Purified TAEDH2 
generated RUBP fom the RISP solution with 
activity levels of 0.4 mol min! mg. High- 
performance ligu chromatography analyses con 
firmed that only RISP, and not GLOP or RSP, 
‘was the substrate for RUBP synthesis (fg. $2) 
In onder to identify a protein that supplies 
RISP, we scarched for genes that were spe 
cifically present in archacal strains harboring 
{ype ll RuBisCO. This lad to the identitcaion 
Of a putative thymidine phosphorylase gene 
(deo), The only exception was Methanocnects 
maripaludis, which harbors a deod gene bat not 


M kandion AAMO'550 
"a peri BAA 9662 


_——————{, 


P tomidus AATA3112 


Fh pveead anol 
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Fig. 1. Phylogenetic tee of archaeal proteins annotated as members of the 
alF2B family. alF28 family proteins present inthe 27 complete archaeal genome 
sequences were aligned with the CustalW program avaiable at the DNA Data 
Bank of Japan, and a phylogenetic tree was constructed with the maximum 
likelihood method by means of PHYML (26, 27). The shaded branch harbors the 
alF28 homologs from archaeal strains that posess a type IN RuBisCO. A. peri, 
‘Aeropyrum pernicK4; A. fii, Archaeoglobus fulgidus VC; H. marismorté, 
Haloarculamarismorui ATCC 43049; M. jannascht, Methanocaldococcus 
jannaschii DSM2661; M. burton, Methanococcoides burtonit DSM6242; 
'M. maripaludis, Methanococcus maripaludis S2; Mt. kanderi, Methanopyrus 
skandleri AV9; M. acetivorans, Methanosarcina acetivorans C2A: M. barker, 
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‘Methanosarcina barkeri str. Fusaro; M. macei, Methanosarcina mazei GoL 
OCMBS; MI. hungatei, Methorospiilum hungatei JF-1; M. stadtmanae, 
‘Methanosphoera stadimange DSNZ3091; M. thermautotrophicus, Methano- 
thermobacterthermautotrophicus AH; N. pharaonis, Natronomonas pharaonis 
DSM2160; P. torridus, Picrophilus torridus 0SM9790; P. aerophilum, 
Pyrobacuum oerophitum M2; P.abyssi, Pyrococcus abyssi GES; P, furiosus, 
Pyrococcus furosus DSM3638; P. horikoshii, Pyrococcus horikoshii OT3; 
S. solfataricus, Sufolobus solfataricus P2;S. tokodai, Sulfolobus tokodait 7; 
S. acidocaldarius, Sulfolobus acidocaldarius 0SI639; 1. kodokaraensis, 
Thermococcus kodakaraensis KOD1:T.acidptlum, Thermoplasma acidophitum 
1DSM1728; 7. volcanium, Thermoplasma volconium GSS. 
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4 RuBisCO (Table 1). DeoA is known to release 
the thymine fase fiom thymidine while phas- 
phoryliting the Icarbon of the ribose moiety 
(21. I DeoA could phosphorylate muckeside 
monophosphate, this would generate RISP. We 


expressed the Thvdensd gone (TKO3S2) in E. col, 
pried the protcin, and found that it produced 
high levels of RISP in the presence of phos- 
‘phate and adenosine 5 monophosphate (AMP) 
(Table 2), Tk-Deod displayed a specific activ 


Table 1. Distribution of RuBisCO, alF2B, DeoA, and ADP-dependent sugar kinase homologs on 
archaeal genomes. Shaded boxes indicate the presence of 3 homolog on the genome. 


‘Type iit 


lorganism fused 


|ADP-dependent| 
sugar kinase 


Aeropyrum peri 
Archaeoglobus fulgidus 
lHaloarcula marismortui 


[Halobacterium sp. NRC-L 
fethanocaldococcus jannaschit 


|Methanosphaera stadtmanae 
|Methanospiritum hungatet 


|Methanothermobacter 
thermautotrophicus 


|Methanopyrus kandleri 


Inanoarchaeum equitons 


Jicrophitus toridus 


INatronomonas pharaonis | 


[pyobaculum aerophilum 
lprococcus abyssi 
lyrococceus furiosus 
lpyrococeus hovikoshi 
Sulfolobus acidocaldarius 


Sulfolobus solfataricus 


Sulfolobus tokodatt 
Irhermococcus kodakaraensis 
[rhermoplasma acidophilum 


[thermoplasma volcanivm 


“Womologsinduded inthe shaded branch of Fig. 


Table 2. Specific activities of Tk-DeoA and Tk-£2b2. Synthesis of 3-PGA was not observed in the 


absence of protein or substrate. 


Specific activity 
— beaten {umot min-* mg of protein) 
TieDeon 7 223202 
our oot 
ow ot 001 
une 006 + 001 
T™P it 
reeabe aise 323204 
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(of 22.3 juno] min” mg" forthe reaction AMP + 
Pi—RISP + adenine. The stoichiometric ratioof 
the eancentation of AMP consumed (|AMP con- 
sumed) and {adenine proxiuced] was confirmed 
as I:1 (fig, $3). The equilibrium constant 
(RISP]fadenine/|AMPIPIP) was 6.02 » 10° + 
0.46 » 107 at 85°C. Using Th-Deo. we were 
aiblewo synthesize lange amounts of RISP and to ist 
the RISP isomerase activity of THEDH2 in the 
presence of abundant substrate. We observed that 
1.80 = 0.07 mol of 3-phosphoglycerate (3-PGA) 
were produced for every mole of RISP con- 
summed when T-E2N2 and TRRUBICO were 
coupled at 83°C, strongly supporting a stoi- 
chiometric ratio of [RISP consumed}{-PGA 
produced) = 12, ThE2h2 exhibited a specifi 
activity of 32.3 anol mint mg”! forthe reaction 
RISP — RuBP (Table 2). 

Thee prutcin prope to catalyze the fem 
zation betwen RSP and RUBP in M, jannaschit 
fs the pratt of MIOKOL, but the recombinant pro- 
tein does not seem to be aetive in vitro (20), Like- 
wise, the MJOGOI homolog in 2 kncakarvensis 
(Thshid, TROAS) was expressed in E, coll and, 
again, activity was not detected. This indicates 
that at least in T:kodakuraensis, Th-E2N2 is the 
cezye primatily responsible for RuBP synthic= 
sis from RISP. 

Our results showed that in. fndakaruensis, 
4 puative thymidine phosphorylase is actually 
an AMP phosphorylase, whereas an alF2B 
homolog is actually a RISP isomeric, Because 
the Archaea possessing a type Il RuBisCO are all, 
its most likey tht only the eabonye 
28e activity of RUBKCO, and not the oxygenase 
axtivity, is biologically relevant in these strains. 
This, ThDooA, TH-E2H2, and the RUBIO con 
vet AMP, phosphats, COs, and HO, respec 

ly. to adenine and two mokeules of PGA 
(Fig. 2), This pattnvay hence savages the ade- 
nine base of AMP and diverts the ribose moiety 
{nto cennralcarbon metabolism. 

Many ofthe Archaea that possess this pathway 
ae onpnisms thit use akenosine S"iphosphiate 
(ADP) dependent (AMP-forming) sugar kinases 
for glycolysis (22, 23), These enzymes would 
reduce a larger intracellular pool of AMP as 
compared with onzanisms possessing classical 
ATPalependent kinases, Because the product of 
the pathway, 3-PGA, ean be used for ATP 
generation, the pathway may enable anaerobic 
Archaea to use AMP when energy levels ane 
low andlor intracellular AMP is in excess. In 
A fis, which doesnot harbor ADP dependent 
sugar kinases the pathway may be involved i the 
comvenion of the AMP genertal by adeno)! 
phosphosultite reductase (24) during sul 
reduction. Another possibility is that AMP is 
reduced fiom S-phosphoriboey! I-pyrophosphiate 
(PRPP) by adenine phosphoribosy transferase, 
whose homolog is present in 7 kndakaraensis. 
This reaction would recycle the adenine mole- 
cae released by Th-Deo\ and also complete a 
«xelic pathway composed of (i) pentose symthe- 
Sis Gi) conversion of PRPP to 3-PGA, and ii) 
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Gluconeogenesis 
Heosrocts HeosPooHe Horo 
0. Tk-DeoA 0. Tee CO TeRableco = go 
TY - foros > on ed 7. 
OH On Pr aenine On OH 00 40 esis 
AMP ribose 1,5-bisphosphate _ribulose 1,S-bisphosphate 3:phosphoglycerate 
Ribose- Ribulose- q 
AMP phosphorylase 41,5:-bisphosphate 4,5:bisphosphate 
Isomerase carboxylase 


Fig. 2. A metabolic pathway composed of homologs of DeoA, alF2B, and type Il RuBisCOs. 


conversion of 3-PGA to fructose 6-phosphate 
(gluconeogenesis) If the non-oxidative branch 
‘of the pentose phosphate pathway were 10 be 
responsible for pentose synthesis, the eyelic 
pathway would constitute a COs fixation pat 
way (fig. $4), Although their genome sequences 
are not available, there are several autotrophic 
strains in the Crenarchacota that exhibit RuBisCO 
activity despite licking phoxphoribulokinase 


Type Ill RuBisCOs scom to have a function 
distinct fiom that oF the elassical RUBisCOs in 
the CBB pathway of Bacterir and. Eucurvu. 
When considering that the organisms harboring 
type IIT RuBisCOs represent relatively deep and 
short Fineages in evolution, it may well be: that 
the carboxylase activity of RuBisCO originally 
‘evolved te Function in this pathway, 
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Cadherin-11 in Synovial Lining 
Formation and Pathology in Arthritis 


David M. Lee,? Hans P. Kiener,* Sandeep K. Agarwal,” Erika H. Noss,** Gerald F. M. Watts,"* 


‘Osamu Chisaka,? Masatoshi Takeichi,? Michael 


Brenner*t 


‘The normal synovium forms a membrane at the edges of joints and provides lubrication and 
‘nutrients for the cartilage. In rheumatoid arthritis, the synovium is the site of inflammation, and it 


participates in an organized tissue response that damages cartilage and bone. We identifi 


‘cadherin-11 as essential for the development of the synovium. Cadherin-11-deficient mice have a 


hypoplastic synovial 


ining, display a disorganized synovial reaction to inflammation, and are 


resistant to inflammatory arthritis. Cadherin-11 therapeutics prevent and reduce arthritis in mouse 
models. Thus, synovial cadherin-11 determines the behavior of synovial cells in their 
Proinflammatory and destructive tissue response in inflammatory arthritis. 


iherin adhesion molecules are a fam- 
( ily of integral membrane proteins that 

‘contain five immunoglobulin (Iz)-like 
‘extracellular (cadherin) domains rigidified as 


1006 


‘an extended chain by interdomain calcium bind- 
ing [reviewed in (J, 2)]. Cadherinns mediate cel 
lular adhesion by binding a cadherin of the 
‘Same type on an adjacent cell via interactions of 


the extracellular N-terminal first cadherin 
domains. During embryonic development, 
cadherins provide the basis for cell sorting, 
aggregation, and tissue momhogenesis (3), 
Postnatal, cadherins provide cell-to-cell adhesion 
‘within tissues, contributing to the maintenance of 
tissue integrity and architecture (3, 4). Knowing, 
these activities of eadherin proteins, we hypothe 
sized that a mesenchymal cadherin may function 
1 provide cell adhesion to organize the synovial 
membrane. 
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The synovium consists ofa fining layer con- 
fibroblasts and-macropha 
Ties a sublining layer of loose connective 


immunohistochemical staining. we found 


that the condensed lining layer of synovineytes 
in healthy mive expresses cadherin-I1 (Fig. 1, A 
and B), In a strain of mice that develops spon: 
taneous autoimmune anhritis (R/BXN) (5, 6), 
marked cadherin-I1 expression was seen on 


cells with fibroblast morphology in the syn: 


‘ovial lining and in the synovial pannus, path 
logs 

from fibroblast 
1, € and D), Particula 
ceadherin-1] was also noted in ELS within the 


synovial tissue derived 


fe synoviocytes (FLS) (F 


pannus adjacent to bone and cartilags 
To define which synovial cellular lineages 
express cadherin-I1, we used multicolor eytoflu- 


rometric staining of freshly disaggncgated joint 
tissues, using a newly generated monockonal 
antibody (mAb) to cadherin-IT (anti-cadberin 
11) (lig. SL) arnt CDAS (ant-CD4S) (a maker of 


bone marrow derived cells). Consistent with its 


expression on the FLS lineage in humans (7), 


we observed that cadherin-I1 identifies a syn- 


vial population distinet from that identified 
by CD45 (Fig. 1, E and F). These findings 
Were continned biochemically by fluorescence 
jon of CDSS 
herin-1 | expressing subpopal 


activated cell sorting (FACS) iso: 


ora ons, West 
em blow 


cadherin-I1 expression on the 
‘CD4S" subpopulation (Fig, 1G). Previous studies 
have demonstrated that fibroblasts lining the 
synovium express CDSS (8). In our analyses 
CDSS expression was soon on about half of 
cadherin-I1* cells in antritic joints (Fig. $2), 
Cadherin-11 expression on cultured FLS, with 


the use of cell surface biotinylation and insmuno- 
precipitaton with 
anticipated protein species of molecule eight 
110,000 fon wild-type FLS. but not from ELS 
derived from eadberin-11- decent mice (Fig. 1 
H to J) (9) In addition, because cadherins 
associate with cytoplasmic eatenin, we per 


i-cadherin-I1, revealed the 


‘olor immunofluorsscence mierOs- 
ation of cadberin-1 with 
Becatenin in adherens junctions, specifically at 
sites of cell4o-cell contact between FLS (Fig. | 
K to M). By means of a cell-to-substrate 
Uhesion assay (10), the ability of FLS derived 
n cither wikltype or eadherin-I|-deficient 
mice was assessed for binding to. recombinant 
cadherin-II-Fe. Wikl-type FLS demonstrated 
robust adhesion to cadherin-II-Fe, where 
ccadherin-I1-deficient FLS failed to adhere 
(Fig, IN and fj 


formed 
copy and found coloca 


SI), These stuxlies demon. 


te cadherin-11 expression in murine synovi- 


al fibroblasts, the localization of eadherin-1 10 


adherens junctions, and the role of cadherin-11 
in homophilic adhesion by synovial fibroblasts, 
The finetional contribution of cadherin-11 


to synovial fibroblast ganization in synovial tis 


sues was next explored. When compared to wild 


\ype synovium, cadherin-I1- deficient synovium 


eS 
No» 


Fig. 1. Synovial fibroblasts express functional cadherin-11. (A and B) 
Normal synovium stained with ether contol or anticadherin-11 (B) 
antser, Kagan 650s. (Cand D) Ati KEN sovam. Synovial f* 
pannus invading cartlage stained wth ether control (0) or anticadherin~ 
1 (0) antisera f shown. Thee & intense cellar reactivity at the bone’ — 
pannus interface. P, pannus C, cartilage; B, bone Magnification, 400s. (E 
and F) Gtallunrometic staining of disaggregated atric join tisue (26) 
Stained wth tote conts (© or anticadherin-11 and ani-cbss (fl 
identifies distinct cellular subpopulations in joint tissues. (G) Biochemical a ee 
analsb of FACS sorted synovial subpopdations. Digersed atic jon thsues were labeled with ether 
anti-CD45 or anti-cadherin—11 and sorted by means of FACS. Lysates of these subpopulations and 
Dresarted cals were analyzed by Western Hot for cadherin-l1 and. gycetaldehyde-3-phosphate 
‘dehydrogenase (GAPDH) expression. Thee san absence of detectable cadhern-11. expression in CD45- 
expressing cells. (H and 1) Cytofluorometric staining of cultured FLS. FLS derived from wild-type (WT) (H) 
land cadheri-11-nul (0 mice and passaged ive times were stained with an anticadherin-11 mAb (ay 
fill, isotype control (dashed line), and an antibody to major histocompatibility complex class | (solid line). 
@) Immunoprecipitation of cadherin-11 from cultured FLS. WT and cadherin-11-null FLS were surface 
biotinylated, lysed, and immunoprecipitated with isotype control Ig (IgG1) or anti-cadherin—11 (15F7 and 
8215) (Kto M FS express cadherin-11 in adherens junctions. WT FLS were fixed and tained with ant 
‘adherin-11 (K) and anti-f-catenin (U) (12). The colocalization of cadherin-11 and fi-catenin [(M), 
merged image] at sites of cellular interface i in a pattern consistent with that of adherens junctions. 
Magefcton, 1000x.(N)Cadhern-11 medites homophic adhesion in FLS. WT and cadherin-11-nul 
FUS were allowed to adhere to subarate cadhern-1-Fe ina celtosubsvate adhesion asay (10. The 
homophilic adhesion of WT FLS to cadherin-11-Fc is absent in cadherin-11—null FLS. Error bars indicate 
sent 
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demonsirated marked hypoplasia of the synovial 
lining, with docreasee) synovial fining compac: 
tion and reduced membrane folds (Fig. 2, Ato 
©). A primary function of FLS is the elab- 
‘oration of extracellular matrix (ECM), Ui 
Masson's trichrome stain to highlight E¢ 
we found that the dense ECM of the synovial 
Tining, apparent in wilk-type mice, was marked- 
ly attenuated in cadberin-I1-null mice (Fig. 2, 
D and E), Thus, we conclude that caherin-11 is 
necessary for cellular organization, compaction, 
‘and matris elaboration of the synovial fining 
in vivo. 

To further confirm the role of eadherin-1 in 
synovial tissue onganization, we used a three- 
dimensional (3D) synovial mieromass. organ 
ceulune system in vitw (Hig, S3A) (12). Sin 
cell suspensions of wikltype and cadherin L 
null FLS were dispersed in a surrogate ECM, 
and synovioeyte capacity for lining layer forma 
tion Was assessed. Wikbtype FLS establish a 
ongensed fining-like structure at the matriv 
media interface with marked similarity to that 
seen in the synovial lining at the synovial fluid 
ier in vivo (Fig. 2F) In contrast, eadherin- 
H-null FLS micromass cultures failed t0 
velop lining condensation or compaction «Fig, 
2G). Thus, this in vitro mex of synovial tissue 
function continns that lining layer compaction is 
an inherent feature of synovial fibroblast betiay= 
jor that relies on cadherin 11 

‘We next examined the role of eadherin-H1 
in synovial fibroblast behavior in the K/BAN 
‘serum transfer model of autoimmune inflame 
matory arthritis, In this model, passive transfer 
‘of arthritogenic autoantibodies elicits a distal 
symmetric erosive polyarthritis with pathology 
maa by immune compl Kranaton, compe 
ment activation, myeloid lineage ell activation, 
and elaboration of cytokines interleukin-1 and 
tumor necrosis thetor (TNF) (5, 6, 12-15) 
Administration of atritogenic K/BAN serum re= 


Vealed a measurable resistance to clinical ar- 
thrts in cadherin-I1-null mice (Fig. 3. A and 
B), Ined, pooled data forthe clinical index 
from these mice demonstrated an average 
50% reduction of clinical anhritic activity in 
cadherin-l-null mice. This reduction suggests 
that cadherin-I1 expresed on fibwblsts can 
substantially inluence the severity of pathology 
in abit 

Asin dhcumato ants, murine models of 
inflammatory arthritis display hyperplasia and 
‘outgrowth of synovial tissue composed of syn- 
oval fibroblasts (pannus tise). The pannus 
ataches to and migrates over bone and cartilage 
surfaces, locally invading and destroying these 
structures (76). Examination of inflamed joint 
tissue architecture fiom wik-type and cadherin- 
{-null mice demonstrated that the typical ean- 
ddensod hyperplastic synovial fining architecture 
in inflammatory ants is largely absent in 
cadherin-Il-deficiont mice (Fig. 3, C and D) 
Rather, the synovial architectre in cadherin-11 
deficient mie was chaotic an! ooely organize 

The 3D micromass organ cukure provides & 
means of analyzing scketed factor that nd 
ulate synovial fibvoblastfunetion ina simplified 
model of the complex synovial microenviron- 
iment. Wikltype and cadherin-I-null synovial 
mnicomass organ cultures were stimulated with 
TNF, a potent inflammatory cytokine implicated 
in theumatoid anit In contrast to the dra 
matic ultrastructural changes in wikl-lype cul- 
tures, which are characterized by surfice lining 
cellular accumulition arnt condensation, ony 
modest changes were apparent in eadberin-I1 
deficient synovial micromass organ cultures 
(Fig. 3. E and F. 

“Hh ess thus far suggested hat cadherin 
might be a potcatally useful therapeutic tang 
To examine this, we wed a cadhein-1-Fe fusion 
protein and an anticadherin- 1 mb, Similar 0 
the cadherin-I1-null phenotype, administra 


Fig. 2. Cadhesin-11 regulates sovil lining architecture. (A and B) Hematoryin and eosin (HBE)-stained 
sections of synovia from WT (A) and cadherin-11nul (B) mice. The hypoplastic synovial lining in cadherin- 
:11-null mice lacks the characteristic synovial ining celular compaction (1 to 3 cells thick) that és evident 
in the WT synovium. L synovial ining; SL, synovial sublining. Magnification, 200x. (Cand D) Cadhern-11 
regulates EOM architecture in vivo. Masson's trichrome stains of sno from WT (Q and cadhesi-11-nul (0) 
mike are shown. The hypoplastic synovial celuar ning red and markedly attemsated condensed ECM (blue) in cadherin-11-nl mice as compared to those ofthe WT 
synovium are shown. Magnification, 200x.(E) Synovial lining cell density. Lining layer cells per high power field (HPF) (100 jt) were enumerated in WT (squares) 
‘and cadherin-11-nuil (triangles) mice. Individual results, mean, and SEM are provided. n = 11 mice per group; P < 0.0001. (F and G) Nicromass organ culture 
lining compaction. WT (F) and cadherin-11-null (G) FLS were placed in micromass organ aultue for 21 days (11) and were fixed, sectioned, and stained with 
HE, The cellular condensation and lining formation behavior evident in WT FLS arrow in (F)] and markedly attenuated in cadherin-11-null FLS [arrow in (G)) 
are shown. Magnification, 400%. Data ae representative of five independent experiments. 


tion of citer reagent ameliorated K/BXN serum 
transfer arthritis activity in wikt-type mice (Fig. 
3.G and I). To examine a role for cadherin-H1 
in ongoing inflammatory arthritis, we assessed 
its ability to reduce established disease, Because 
the K/BWN serum transfer model of arthritis is 

rapid and self-limited, we used a variation of 
this model, administering athnitogenic serum 
weekly 10 drive persistent synovitis (Fig. 3D, 

‘After allowing at least 2 weeks of active at- 
thrtis, we administered anti-cadherin-11 or iso 
type control ueatments for a period of 10 days 
and examined arthritis cnical responses (Fig. 3, 
1 and J), Similar to our observations in prevent- 
ing acute artis, we find that ant-cadherin 11 
displays moderate amelioration of established 
anhritis, These observations provide evidence 
that cadherin-1 comibutes 10 the regulation of 
aathritic tissue responses in both acute and 
hronic synovitis, 

The ability of FLS to migrate and invade 
through ECM isa potentially. important fea- 
ture of tissue remodeling that forms the hyper- 
plastic lining and accomplishes erosion into 
cartilage. Cadherins and especially mesenehy~ 
smal cadherins, like cadherin-I1, are known 40 
influence cell migration and invasion (77). To 
sain further insight imo the cadherin-H1 regu 
lation of FLS function, we performed migra- 
tion and invasion assays through ECM-coated 
transwells. Although cadherin-I} null FLS dlis- 
play similar basal migratory activity 10 that of 
wwiklAype cells their inducible migratory capacity 
‘was atenuated (Fig, 44), Examination of ptcet- 
derived growth factor (PDGF) stimulated’ ECM 
imasive capacity reveal! a dramatic deficit in 
cadherin-I-null FLS, which displayed only 
~25% of the invasive activity of wikl4ype cells 
(Fig. 4B), These observations prompted us 10 
examine cartilage and bone erosion in the fine 
flammatory antrtis moet in vivo, Indeed, syn 
‘vial tissue attachment to, migration over, arnt 
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invasion into cartilage were markedly diminished 
incadherin-I| deficient mice. Wikl-type synovial 
nus caused fullthickness canilage erosion, 
‘Whereas cadherin-I-null synovial pannus stopped 
at the canlage edge (Fig. 4, C and D, black 
‘arrowheads, Quantification by histomoephomst- 
ric methods confimed an 80% reduction in 
cartilage erosion in cadherin-II-deficient mice, 
By comparison, bone erosions, which are primar- 
ily dependent on oxtcoclast function (/8-20), were 
‘evident to a similar degree in both wiktype and 
‘cadherin-IL-null mice (Fig. 4). 

These studies sugwest that, in healthy mice, 
‘cadherin-11 directs the establishment and mainte- 
nance of the normal synovial fining by confer 
ring on FLS an ability to form cell-cell 


Fig. 3. Cadherin-11_modulates synovial tissue 
response in arthritis. (A and B) Cadherin-11—nul 
mice ae resistant to inflammatory arthritis. WT and 
‘adherin-L1-null mice were injected wth arthrito- 
‘genic KIBKN serum, and clinical index (A) and 
‘changes (A) in ankle thickness (B) were recorded 
‘over 2 weeks (6), Pooled results from 24 (WT) 0 26 
(cadherin-L1-nuld_ mie from four independent 
‘experiments (P < 0,0005) are shown. (C and D) 
Synovial architecture in inflammatory. arthritis 
‘Masson's tvichrome-stained ankle sections from 
arthitic WT-(© and cadheri-31-null (D) mike 
‘demonstrate synovial ining hyperplasia (red) and 
‘dense ECM deposition (blue) in WT mice. In contrast, 
cadherin-11-null inflamed tissues demonstrate 
‘chaotic cellular organization within a minimal ECM. 
Synovial effusion in joint space is labeled. Magnifi 
‘ation, 400%. (E and F) FLS ting architecture in 
vitro, WT (E) or cadherin-11-null (F) LS micromass 
‘organ cultures (2) were exposed to TNF (10 ng/ml) 
for 21 days. The high degree of lining condensation 
and tning layer formation evident in WT FLS (E) fs 
markedly aberrant in cadherin-11-null FLS.(F, 
‘Magnification, 400x, Data are representative of 
three independent experiments. (G to J) Cadherin 
1 biotherapeutics ameliorate inflammatory arthritis, 
WT C57BU6 mice were injected with arthritogenic 
K/BKN serum fbive triangles in (D] and cov injected 
{(G) and (4) with contrat Ig (open squares) and with 
‘either cadherin-11-Fe [(), slid tiangles} or anti- 
«cadherin-11 (1), solid triangles] administered wth 
2 loading dose (0.5 mg) followed by maintenance 
dosing (0.1 mg) every 48 hours. Pooled results from 
18 (adherin-11-Fe) and 10 (anti-cadherin-12) 
mice are shown from four and two independent 
‘experiment, respectively. P < 0,003. For treatment 
studies (0 and Wl, control Ig (open squares) or 
anticeadherin-11 [(H), solid triangles) were 
administered for 10 days after allowing at least 2 
weeks of arthritic activity. Results representative of 
two independent experiments (D (n = 5 mice per 
‘group) and pooled treatment results @) (n = 10 
mice per group; P = 0.0027) are shown, Error bars 
in (A, (8), and [(G) to ()] indicate SEM. 
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adhesion and compaction, as well as a capacity 
to produce ECM (Fig. 2}, In the context of in- 
flammatory arthritis, in which the synovium 
undergoes organized pathologic changes, mes- 
cenchymal lineage FLS contribute to these dra- 
matic changes inthe synovial lining (21-24). ln 
ccadherin-I deficient mice, the synovial lining 
and synovial pannus tissue appeared architec 
tually aberrant and chaotic (Fig. 3. C and D), 
underscoring the role of cadherin-I1 in fibro- 
‘blast participation in the organized pathological 
synovial fining hyperplasia and pannus tissue 
destruction of cartilage in inflamumstory arthritis, 

The data suggest that eadherin-11 influences 
both the degree of inflammation (Fig. 3, A and 
B and G and I) and the organized pathologic 
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response of the synovial tissue in response 10 
arthritogenic K/BXN serum transfer (Fig, 4, C 
and E). In rheumatoid arthritis, the FLS. pop- 
ulation demonstrates a metabolically active, 
scerctory state (25), Stimulation of FLS can 
Induce secretion of a number of proinflammatory 
‘mediators that have been postulated to amplily 
‘and perpetuate synovial inflammation. Our f 
ings suguest that cadherin-I1 influences FLS 
[participation in the synovial inflammatory mvac- 
ton, in addition to its role in tise remodeling 
and cartilage invasion. These insights identily 
previously unappreciated mechanisms goveming 
the behavior of the joint lining, and reveal the 
central role of a synovial cadherin in detemnining 
the behavior of the resident synovial mesenehy- 
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‘industri and government organizations are featured in this 
Space. tmphasisis given to purpose, che characteristics, and 
_alabity of products and materia. Endosement by Science 
{AAAS of any products mater metioned isnot implied 
‘Adina ifarmaion maybe abtained om the manulacret 
 supplie by wstog wasn abelacy-cm onthe Web, 
‘there you con requ thatthe information be sett you by 
‘mal fax, mal oF ehephone. 
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S.Org 


From eon Mars 
tolllesiences 


Ferha adertig setts, 
tt 


‘rm slececaners.n a chon 
Terddvetsery oof rere 


United States & Canada 


Erma: adverise@sciencecarers ong 
Fax 200-289-6742 


{AN KING Sales Manager 
Phone: 202:3266528, 


DDARRELLRYANT Industry 
Phone: 202°3266533, 


[DARYL ANDERSON vies/Midwest/Canada 
Phone: 2023266543, 


[AUUSON MILLAR Northeast/ Southeast 
Phone: 202:3266572 


Europe & International 
Email: ads@science-intcawk 
Fan Ad () 1223 326532 
‘TRACY HOLMES Sales Manager 
Phone: +44 (0) 1223 326525 
‘OARISTINA HARRISON. 

Phone: +44 (0) 1223 326510 
'SVITLANA BARNES 

Phone: +44 (0) 1223 326527 
Louise mie 

Phone: +44 (0) 1223 326528 


Japan 


JASON WANNAFORD 
Phone: +81 (0) $2.757-5360 

Email hannaford@sciencemayjp 
Fax: #81 (0) 52757-5361 
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Shoreaysate 
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cits Deparment of Bshemsty and Moleculr 
logy, School of Medicine, Southern Ilinois 
Unnetay Catone (SIUC), ivacsapyliations 
for s tenure-track poution 5 an ASSISTANT 
PROFESSOR to sat July 1, 2007. Modest teach: 
ing responsibiftics in departmental and mesical 
school gurricubims may include byochemistryy mor 
KKcular biclogy, and/or medical Biochemistry, The 
[nition entales crow appeantment an the Semmes 
Cooper Cancer Institute: We scck a candidate with 
an earned MLD. of Ph.D. in life sciences or related 
rca with capericnce in cancer rescarch with an em: 
Phasa on understanding the molecular basis of call 
Sele control, elu development, signal transac 
ton, oF transrptional regulation. Two or more 
Years of pentdoctoral expenence preferred. Promise 
‘fa strong. an! exterally funded research programy 
requited. Salary based on education, experience, 
dnd established School of Medicine guidelines, 
Please send curriculum vitae with a satement of re 
search objectines and the names of three references 
Dr. Joseph C. Schmit, Chair, 


Ilinois University 
Drive, Carbondale, TL 62001; e-mail: chmit® 
sumed.edu. Applications review will begin Apa 
22007, and continue unt the position is filled SIUC 

sat LipadOppntnty/ Airave Actin Empey that 
ives Went ly develop» dive any and a 
‘ant bans pte to see a die ude pp 
lie AN spyttine a wetored and cureuged and ool 
‘eatve cadres Ths syste peat. Be 
Foe ny ofr of employe is make, the Unive la 
‘dur a preemplyment Smesetton wich tle 4 onal 
Inet dna 


Mae orn 
meat 
inte ae 
aes 
ee 
tes een 
Raicdeaectontete 
Pel ieee rceg dle 
Soreneae cimnabenas 
‘ogy. Applicants with expertise in the above arcas 
Beh to cael ee 
Peper tge ponbcipt 
Serer 
pao eps 
peter 
Beato oar 
Seta eae es 
iano nares 
Sai 


fealth Sciences 


“The Collegeof Life Sane at Fujian Noemal Us 
essity, China, invites applications for tenure-track 
Bhult’ pontione st ASSOCIATE PROFESSOR 
tet PROFESSOR level. ndivissal eapcrtned in 
ihe arcs of developmental bao, cll ogy, ne 
robiclogs, and microbiology are eacouraged to 
Sop. Ti potions ofr an atractive sarap pack. 
Spe and cheellent laboratory space. Canchdstes 
should have 2 PhD. sitabe ponsdoctoral rescarch 
Experience, and an abiity to dcvclop ianovative r= 
search programs 

fhesp:// 


or finer information vit webs 
Wife ueden/ or contact: Prof. Yanding Zhang, 
Dean of the Calege (e-mail: life@fjnueducn). 


‘TENURE-TRACK, 

ASSOCIATE PROFESSOR or PROFESSOR 

"ASSOCIATE DEAN for BIOMEDICAL 
‘SCIENCES. 

‘Okdshoma State Univenity (OSU) Ce 
Health Sciences, College of Oxcopathic Medicine 
js 3 nationally ranked medial school with a long 
Standing teaching tradition. We are sccking 2 dy 

ual whe wil seme 36 the Aon 


caculy of the 


olege and OSU Medial Center in downtown 
Tuk, Oshoma, 
Position provides oversight of planning, develop 


ing, ery and aon of fh ama 
Woes the planning, coordination, de 
‘of lomedial cours. Recommends peo 
fame for the development and enichment of Unit 
Ferunnel. Consults with departmental Chas 
Sign perconne! to inuructonal services and rtd 
Sc Hala prone permanant 
“emer perenne stn pain to agai 
fromototan/or tere etton, and xml 
Foctatcs repay scheduled mectings between 
Senior Aswxiate Dean and Bomedical Department 
ns, Work ly with nce Dea fr Gr 
tite Sraics to devclop and grow the radia 
fears bcmcdcal denen, Works inl wth the 
eocate Dean for Cnc Education and Awa 
‘Dean for Graduate Medical Eda 
ing an integrated curiulnt fom OMS " One to 
GGME.- Fhe indading resarch, Serves as a mem 
ine Curriculum Commitce an the Acad 
3 Coundl Requires 3 PRD. of DLO. dewree 
1 year of elated eaperino® in posttacea 


publications Prefer postdoctoral ‘training, eype- 

Fence teaching biomedical sciences medwal and 

graduate courses. Interested candidates must apply 
line at website: Ittps://jobscokstate.edu,. job 
ber 02809 


The Department of Surgery a the Univerty of 
ennolana's School of Meine vcks candies 
fiw an ASSISTANT PROFESSOR positon inthe 
hontenare scar track, The sucesufil apicnt 
sane capeencm the Bl fend and 
Concologi surgery msearch with focus on tase el 

ology. Responds inch rear ives 
on ofthe molec mechan of canst, 
ing cel surface receprors and thelr fonctions, cance 
cx migration and tovason pathway, aid deni 
Sation of molecular Biomather to iprowe pe 
Sperane en of umor. Reo ig 
ifSlode mentorship and supervision of research an 
fupport stall in the sumgeal oncology iboratory 
Applicants must have an M.D. of Ph.D. or M.D./ 
AD, depo 
cite mesilate, wil be capes to 
Sepa of irvine peach eho Par 
Sng expen eae ch 
tcc, and 2 background in molectar imaging 
Spproache in cancer applications is preferable, 

ewe submit curcuun vac, a letter of ioterest, 
and reerence 

Douglas L. Fraker, M.D. 
Assos Profesor and Chit isvon of 
‘Jo eur Atherton 
‘nines of Honma Schl of Medicine 
Philadelphis, PA T9104 

The Unico of Pwo m Eu Chin, 
Aime Aon Enprer:Nansod mined 
oe monty cnnegd Doth 
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‘Senior Scientist, Vaccine Research Center 
National Institute of Allergy and Infectious Diseases 
National Institutes of Health (NIH) 


The National Institute of Allergy and Infectious Diseases (NIAID), Vaccine Research Center (VRC) is reeruiting fora Senior Scientist (non-tenure) 
tooversee preclinical resean ities, inves ¢ delivery methods, and serve as the head of the Laboratory of Animal Medicine. 
The NIAID is a major rescarch component of the NIH and the Department of Health and Human Services (DHHS). 


Due to the dual rescarch and animal medicine functions of the position, te VRC isseching candidates with a Ph.D. in virology, immunoto 
related ¢ field, and a Doctorate in veterinarymedicines The position inyoly va Broad spectrum of 
business encompassing Iaboratonyani icine research, animal pedgram Magagem 


‘of vaccine candidates. Board certification i cither Veterinary Pathology or Labora 
tory Animal Medicine, and experience in Tiss ofa lange program is preferred. 


The ideal candidate will be experiénceil in vaceine development research, non-human primate studies, and good laboratorg’practices (GLP) animal 
Studies, and will have a record 6Pindependent research and peer-reviewed publication, 


The Senior Scientist selected{fOb this position will have committed resources to support laboratony/ fesearch, and/an allocated annual budget 10 
cover services, supplics and siliries. Salary will be bused on the individual's qualifications and experience, the range of $140-180k, 


Interested candidates may ebitact Dr. John Mascola via E-mail: VRC_Positions@ maikiaih.gos for aditional inférmation about the position. 
To apply for the position, candidates must submit a curriculum vitac, bibliography three Keters of reference, aldtailed statement of research 
interests (limit to 3 pages) and reprints of up wo theoe selected publications to: National Institute of Allergy and Infectious Diseases, Vaccine 
Research Center, e/o Intramural Administrative Management Branch, Atin: Ms. Marie Hirsch: Building 40, Room 1118; 40 Convent 
Drive; Bethesda, MD 20892-3013 or email hirschmé niaid.nih.gov by Apeil 12%, 2007. 


Postdestorslqpeniog Advancing Science by 


A POSTDOCTORAL position is available if thé Labora- 
tory of Molecular Microbiology (LMM), National Insti Seeking Your Input 

tutes of Allergy and Infections Diseases (NIAID), at the 

National Institutes of Health (NIH) within the Department 

Jof Health and Human Services (DHHS) to investigate ret- 

roviral budding and release. This programwill focus on the Sinn Center for Scientific Review ( C4 
interactions between viral and cellular proteinsyinvolved 

in the budding and release of HIV-1. The ideal candidate 2007 

should have a Ph.D. degree and a strong background int 

molecular biology, biochemistry, virology, or cell biology. 

Interested individuals should submit a CV and names of| Peer Review 

three references to: 


Fadila Bouamr Ph.D. Open House Workshops 
Laboratory of Molecular Microbiology, NIAID/NIH, 
Bldg, 4, Room 337, 4 Center Drive, Bethesda, Mary- 
land, 20892-04460; e-mail: bouamrfi@ mail.nih.gov 
Learn more at http:/www.csr.nih.goviOpenhouse 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 
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‘THE CHINESE UNIVERS! 


OF HONG KONG 


Applications ae invited for: 


School of Chinese Medicine 
(1) Associate Professor / Assistant Professor 
(ef. 07101316052) (Closing date: March 8, 2007) 


Arica sk! fae 1) PAD dee i ie since. pra in Chere meine wea ae i essed 
‘Moksip waa wack ratte qaliy plat a wand of crm ee me pees) 


tfvclopnant Appommnce wil roma) be wa con bs fer wp to Bre Yes teal ing anger 


‘Okiahoma State University 
Division of Agricultural Sciences and 
Natural Resources 
Professor and Sitlington Chair 
‘Agricultural Biosciences 
Applications and nominations ae invited for 
the position of Professor and Sitington Chair, 
Agricultural Bioscienses at Oklahoma State 
University. This position will provide research 
leadership fora new Oklahoma State Univer 

Insitute for Agricultural Biosciences atthe 
(able Foundation to be located on the camps 
‘of the Samuel Roberts Noble Foundation in 
Ardmore, OK. The major research programs of 
the new Instate will be forage improvement for 


‘Sr appouument or sutton ae att ata prem 


Department of Anatomy 
(2) Research Associate Professor / Research Assistant Professor 
(Ref 071023(008)2WClasing date: March 12.2007) 


Alcan sto an) FND om MD des) neal pea’ vat ech 


ction fcr iematoal eee ual desea A hgh pt acer 


ntelge of te seas techs m ome reseah. The appre wil a) pac mfexach i 
scars Cnt litem, decotllsm ebg. ea, Selp t 


tmnnihe wiuntbese ith an cach ay cone Appommra 
Toetwe yea femenble sabe to muta pce 


Salary and Fringe Benefits 


Comprehensive tinge bent pacha 
‘ear or ager howung Wei fr cgi apomtees 


Further infomation abut he University and the peeral tems of service for appointment is availabe at 


evil by the Univer. 


Application Procedure 


Ent ben hem for the providing references (ule cdhrwie weed tote Peres 
ng Kang Fs 893 306A) bye nny dane The Feo 
Information Ct Statement ml he prvi upon Yequet Please ye te tence numb an ark 


‘Cine Univer hing Kong. Sata 9 


"Apcaton = Coin om cover, 


aay willbe highly ompetitive. commemarte with qian ad experience, The University fers 
slong med cave pans comtac om pata for apps 


livestock, fundamcotal esearsh nplant ology, 
and bioenergyaltemative fuels. 


Applicants must hold doctorate in agricultural 
‘chemica/biological science germane 10 the 
research emphases of the Institute and possess 
extensive research qualifications commensurate 
‘with an appointment at the full professor rank 
“Mose information and guidelines fr application 
are at http/Jobs.dasaokstate.ed 


Formal review of applications willbegin Apel 2, 
2007, and wil continuc until asuitabe candidate 
is identi 


‘Contact: Clarence Watson, Chale, Search and 
‘Screening Committe, 139 Agricultural Hal, 
‘OSU, Stilwater, OK 74078-6019, Phone: 405 
744-8398. mall: cowatsona okstat.edu 
OSU and DASNR are Affirmative Acton’ 
Equal Opportunity Emplovers commited to 
‘malticudaral diversity Nomen and members 
of other under wcpresnted groups are inn 
‘enconrasyd 10 apply 


ofc The 


The Department of Oceanography at Texas ARM Unk 
verulty reopens the search foraneypenensed and visionary 
department head with exceptional communication skills 
nda background in acadesni leadership. Candates mast 
hhavea tack record of scholarship thats fiting for appoint 
ment as a tenured fll professor of Oceanography 


The department (http://oceanography.tamu.edu) was established in 1949 
and has ich history of fundamental and applied ocean esearch. The dept 
‘ment consists ofa combined faulty and sa of 69 with 71 graduate stents 
Tt resides in the College of Geosciences (http://geosctences.tamu.ed) 
‘which also ineludes the departments of Atmospheric Sciences, Geography. 
Geology and Geophysis, tn several related unit: the Sea Grant Progra, 
the Geochemical and Environmental Research Group, and the Integrated 
‘Ocean Dailing Program The department also mainthins close ties with a 
branch campus at Texas A&M University Galveston, 

The department head is responsible for leadership of the department 
Including strategic planning. academic administration, graduate student 
recruitment, development activities, connections withthe broader national 
‘nd international community, andeffetve we ofthe departments nancial. 


‘administrative, and human resources. The new head will verse the hieing 
‘of. significant numberof postions that wil complement a28-faclty hiring 
effort that the Collegeof Geosciences began in 2004 in four target areas 
Climate Change; Oceans, Atmospheres and Human Healt; Environmental 
and Hydrological Geosciences, and Ocean Driling and Sustainable Earth 
‘Sciences (ODASES). 


Candidates are asked to submit a detailed curticulum vitae, statements of 
research interests, of educational philosophy, and of administrative pla 
Tosophy, and three letters of referense to: Dr.John R. Giardina, Search 
‘Committee Chair, Ofice of Graduate Studies, Texas A&M University 
College Station, Texas 77843-1113: rickgi tamu.edu. Screening ofppli- 
‘cans wil begin mid-February 2007; however. applications ann nominations 
‘ill continue to be accepted until the positon is illed. 

Texas A&M University is Affirmative Actiow/Equal Opportunity 
Employer The University is dedicated tothe goal of building a cultarally 
diverse and pluralistic commaniny committed t caching am working it 

‘amulticultural environment. We strongly encourage applications frm 
women, underrepresented ethnic groups, ad individuals with dailies 


Endowed Chair in Pediatric Research 

Scott & White Health System 

Texas ABM System Health Science Center College of Medicine 

‘Te Crs Hosp ot Sot & whe an The Teas AB Syste Heth Seca 
Cat Coleg eae ss antral crn et) cet 2 
foe de here Br Enos Charm peat mah Apes Sa De 
scorpibed meng PD, MD er MDPLD) ae asone oper Wh 
Geet hes ore oe rer Yoo mrs ae eal Bee nla mo 
The suas carat wf a expand fay wh 2 acadonc ater 
diem The ha he gay con oe rec dary eer aces 
sare oem nico elation wh yon me! ab rd eto 
‘Soe og geen adproonce. 
Te Ones Hoot at Sa 8 ite sees le al ase ghd Cena Ta 
Thee sect Snel pacer we ey ees cao al eto et 
feat rca aa oc earns om cfnery pam sa at 
etm Dents npr svn Anal iter ser ele weak pro 
‘ese an spe omer Lary ace non api snp pcp be 
(ar he pov. Te Sot A eH yan ae heat el 
‘orca cued aren oper ne non Seok We 8 be pany a rd 
‘pts ary caren te Coe esone Rater sprtnre te msoe 
{ea pena tt fate Cane dl sere we conmersrae wh gears 
cece 
reed cede Soul sow 2 2 de cans ae, lee 88ess9 Pe 
‘assis al 3 sat can poe eros. Don Wino, MD 
ha, Search Commitee Joep Bl Coren Cho W Ped Reach 
tna, Deparment of Pei, 0 Souh 3a See Temp Tna TEN, 54 
TG 2547261898, emat dsongewmalenary. 

Soe 6 te a wd arty pf om ort | 

‘mover So ar fe A Sp fat Soo Coe 


Bares eon mentee ements 
Hospital 
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COLUMBIA UNIVERSITY 


Center for Neuroscience Initiatives 
Executive Director 


Columbia University is ecogized as 2 glbal leader inthe basic and dinical acuroscieaces. The Center for 
‘Neuroscience intathes (CM) isa organizing arm fo the developmen, implementation. ad coordination of 
rice neurocience-reated ata at Columbia Livery CX wil loves os anching ocx programs ad ce 
tes tht will accelerate the transltion of fondamestal discoveries into ew insights and potential terapes for 

curological and prychatse dsorder. Inport objeches of CM will hw eigrate previ] and chica 
reurasciene, and to bride the gap between moleclar neorbiclog and cognitive neuroscience 
Weare seking an Execute Director to play a leading role i the development and ongoing implementation of 
scien, basnes, and operaoeal pans a suppor of CM. Reporung tothe co-director of NL he incu 
beat wl be responsible forthe ay dy management of he cener,programatc, scenic, and franca 
‘snes, which wil include the development and suppor ofthe work othe center, new faulty recruitment, 
‘coordination of program grams, communcaions, poli reins, and fund easing ll/She manages amin 
Irae acne for the cee. Provides strategie oversight fr ceier indies lacing cw programs, 
rans, core facies, mens and communications Ovrsces and manazrs ll mere and esermal ces 
Hesearches and develops eas or aewwanlatoaal prgeams Develops aug ine and exeraa etverh 
for callaboraton and sopport of neuroscience ates and coordinates mera and etemal communications 
to publicize and disseminate these acintes. Pesca monthly updates on CNL acts to the co-directo, 
Parcpaes i external meting an! profesional aces bere eleant © NI goa 
Bachelors degre equired wih ten year of experience Im program management for a prnae/corporae foun 
dation, pubic char, government rganation, academic insttion, or corporation. Masters dase oF eu 
‘ten may substitute for part ofthe experience High itlectal capacity already applied okaring ew areas 
fof scence and technology and relied Belts, Demonsraed project mamagemeat sls, tcl project 
esp, tne execution, overnight and eflecve badge management. Strong oral and writen communication 
‘hil that ake into account te audience, and equal eect listening kis. Desire wo be part ofan evolving 
eter and comibute 1 yroh and epalaion Deeastrated abi work with eas all ele 
PhD. oF MD, tn sclntfc/mial ara relied wo meuronclence and/or graduate evel degree M FL, MLB. 
1, prefered 
ube rsumé and cover ete oan through the Columba ances ob ste ap jobs columbia ep 
aniCenra ich 108702 

Contact David Leyden at dg!2102@columbia.edu with any questions. 


Columbia Laden ake afirmae aian ward equal ceghners oppo 


‘ASSISTANT or 
ASSOCIATE PROFESSOR 
‘Stem Cell Biology 
UNIVERSITY OF PENNSYLVANIA 
The Department of Animal Biology andthe newly 
‘established Institute for Stem Cellsand Regeners- 
tive Medicine atthe University of Pennsylvania 
are soliciting applications for two TENURE= 
TRACK faculty postions at the ASSISTANT 
‘or ASSOCIATE PROFESSOR level. Animal 
Biology has a strong commitment to basic 
biomedical rescarch and is located at the hear. 
‘of Penns Philadeipha campus ina inseractive 
Scientific envioament Candidates with esearch 
interests in the broad arcas of basic science and 
‘translational research in stem cell biology are 
‘encouraged 40 apply. Applicants must hive & 
PhD, MD, VMD DVM or equivalent degree 
long with postdoctoral waining, and should 
bbe prepared to establish an independent extrae 
rurally funded rescarch program. Applicants 
fare expected 40 interact with mulliple exising 
Research Centersat Penn, such asthe Center for 
Animal Transgenesis and Germ Cell Research, 
nd io teach in the Department and in University 
‘wide graduate programs, 
Candidates should submit by Apell 2, 2007 a 
PDF file with a curriculum vita, a statement 
‘of research interests, and arange for electonic 
Sulbmission of thre reference leer to: Dr, O, 
Jacenko at stemeelisearchavet.upennedu, 
University of Pennsytvania Sehool of Veteri- 
nary Medicine, 3400 Spruce Street, Philadel- 
‘hia, PA 19104-6046; FAN: 218-873-81 
The Universe of Pennsylvania is on Equal 
Opportunity Afirmasive Action Emplover 
Minorities Females tndvidwal with 
Disabiter Veterans encouraged t apply 


DUKE UNIVERSITY. 
Center on Global Change 
Two Postdoctoral Positions 


YALE UNIVERSITY 


‘) ‘School of Forestry & Environmental Studies 


‘School of Architecture 
Junior Faculty Position in 


nee 
(1) Regional Biogeosciences and Environmental Sciences: Duke 
r on Global Change and Nicholas Sehoo! of the 
i & Earth Seicincenscck a earth scietit in biogeoscicncex 
«cology, hydrology, modeling, or remote sensing to analyze the interac 
tions of climate change with terrestrial ecosystems in the southeastern 
USS. The candidate will contribute to Dept. of Energy efforts (http: 
liwwwanieerduke.edw) to study and synthesize climate change effets 
fn the region. Approaches may include remote sensing of ecosystem 
shhange, field experiments, and/or regional modeling. The scientist will, 
Ihave access to field facilities at Duke. including the forest FACE expe 
mnt of elevated CO, and N fertilization (http:/Mfacesens.duke.eda/) 
For more information sc https/www.nicholas.duke.edwege! sd http: 
‘isn biology.duke.cdujackson. 
@) Climate Change, Biofuels and Agriculture: Postdoctoral posi~ 
tion in Duke's Center on Global Change and Nicholas Schoo! of the 
wironment and Earth Sciences. We seck a scientist with experience 
in biogeosciences, plant ecology. agriculture. hydrology, modeling oF 
remote sensing to analyae interactions of climate change with agnicul- 
tural systems in the U.S. Am applicant could also combine economic 
‘modeling and forecasting forthe agricultural market sector, such efforts 
‘night include synthesizing climate change effects on crop peeluction. 
and interactions between alternative fuel market growth and food and 
feed production capacity. 
Send a CV, statement of interests, and 3 recommendation letters to: Rab 
Jackson, Director ~ Center on Global Change, Nicholas School, Box 
90688, Duke Univ., Durham, NC 27708-0688. Applications received 
by March 25, 2007 will be assured consideration. 
Duke isan Equal Opportunity Employer: minority applicants are 
particularly encouraged to apply 


RarS sustainable Design and Development 


‘Yale University’s School of Forestry & Environmental Studis and School of 
Architecture seck applicants for an unprecedented joint ladder level Assistant 
Professorship n Sustainable Design and Development, with an emphasis on 
‘the ban environment. More specifically, we seek individuals who have exper 
tise, ofthe potential establish this expertise inthe management and design 
‘of urban environmental systems and urban ecological infastactres with a 
focus om the neighborhood and community scale rather than the building and 
site scale, Candidates should not only demonstrate an interest in minimizing 
adver environmental impacts of urban developement but als sm enhancing 
‘bencficial human connections to natural systems nub areas. The success 
‘canaate will be expected w advise supervise a instuct both enone 
Stabies and achectarestadems offering kvture. sminar andr proyct-based 
‘courses in areas such as sustainable design and development, urban design, 
urhan ecology landscape ecology and desig, and restoration of urban envie 
‘onenental systems. This person will be expected to assume a leadership role 
in the recently established School of Forestry & Environmental Studies and 
School of Architecture joint Master's Degree program. We prefer a candidate 
with advanced traning in any of the following fields: sustainable design and 
development, urban design, landscape ecology and design, urban ecology, 
architecture, o allied fel. 
Applicants should cn a curricula vitae; statement of escarch. teaching, 
and or profesional practic interests: two representative examples of research 
‘or professional publications and'or design work: and lis of three references 
to: Professor Stephen R. Keller, Yale University. School of Forestry & 
Environmental Studies, 208 Prospect Stret, New Haven, CT 06811, USA. 
AND Professor James Avley, Vale University, Schoo! of Architecture, 180, 
York Street, New Haven, CT 06811, USA. The deadline for applications 
| Apel 1, 2007. 

Yale Universit isan Afrmative Acton’ Equal Opportunity Emplover: 

Men and women of diverse racial ethnic background and cular ne 

encouraged to appl 
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Three Tenure Track Associate or 
Assistant Professor Positions for 
Biomedical Engineering, 
Tohoku University, Sendai, Japan 
hittp://www.ttsc.cress.tohoku.ac.jp 


‘Tohoku Universit is secking young scientists who are cigible tobe inde 
pendently engaged in escarch of biamedical enginccring for example 
arificial organs, biomaterials, biomechanics, medical imaging. medical 
informatics, medical roboties, nanomedicine, sue engineering and/oc 
‘elated areas. We encourage Women and foreigners to apply 


‘The successful applicants are expected to be enrolled in a “Program 
‘of Frontiers of Advanced Intendiseiplinary Area” that is sponsored by 
Ministry of Education, Science, Culture, Sports and Technology. Japan. 
‘This program covers the period of 2006 through Ma. 31,2011, an offers 
‘anqual saris for three tenure track researchers and three additional 
researchers (postdoctoral fellows or technicians). Financial supports for 
‘equipment and reagents are also awarded, During or a the end ofthe 
rogram, the researchers wil be able to obtain tenured positions after 
‘valuation by the committe. 


terested applicants should send curriculum vitae, 8 publication lst, 

PDF files of major papers (less than 5), 

as well as future research plans in about 1,000 words, alist of scientific 

grants awardeu previously, and thre recommendation le 

i contact information ofthe references): Masaaks S 
ow bmL.mech.tohoku.ac,jp), Department of Biomechanics and 

Robotics, Graduate Schoo! of Engincering, Tohoku University, 6-6- 

01, Ava-Aoba, Aramakl, Aoba-ku, Sendai 980-8579, Japan, 


Deadline for application is March 30, 2007. A committe consisting of 
intra as well as extramural members will sleet successful applicants 
‘through paper-review and interview 


DIRECTOR 
Bigelow Laboratory for Ocean Sciences 

Bigelow Laboratory fr Ocean Sciences, West Boothbay Harbor, Maine secks 
an imaginative, accomplished and entcprencural scientist with exceptional 
leadersip and communication shill forthe postion of Dect 
Bigsiow Laborato san axpendent non-pi oanizatin renown fois 
major cninbubonsto oreanography though cuting-dgersarch on ocesce 
iMccing the productivity of the cocans, coastal eas an estuaries. Founded 
by visionary scientists Dra. Charles and Clarice Yensch in 1974, Bigclow 
Lateratorisdistingussed by a spat of sienifcfcedon a tradition of ope, 
Imerdisoplinaryteam-bulding. and menorsip. isa unigue community of 
‘sccmtnts staf rustes and global neighbors with 3 common dedication to 
‘ocean sccnces Presa iniendisiplinary research strengths inch phytopank- 
tonceeogy andevolution. otal oceanography, marine mirobiolog. and the 
‘vology ofhigher phic eves, with expansion no trophodynamics and coo 
logical chemistry Farina the Provan ional Cente for 
(Cattarof Marine Phytplankon, the Mactsnc 
‘Analysis and the Cntr for Trananission and S 
Formore information, pease vst tp. big. 
The Directo wil help Bigslow Laboratory realize shared vision for future 
‘excclenc.inclading planned expansion anew facity, He he wil ada 
“operations, ensuring continaing recruitment retention aldevelopmentof 
top-quality sal The Dsctor will work ffextivcly with he Board Trustes, 
and will encourage ereativity and innovation at all levels. Shee will help 
‘haps the agceda for fare oocan sciences esearch tthe tte, natonal and 

icrnabonal levels, communicate the importance of oceanographic esearch 
to policymakers and the gencral public, and diversify Bigelow Laboratory's 
funding tom pbc and atc sourees beng on longstanding sess 
sm asquing compcuee extemal funding 
Salary willbe competitive and commensurate with experience and qui 
tonsa complete bencfits package available Nominations andappication 
incading cumculam vita, even eadrdip of maltdsiphnay ogania 
thon sciatic achievement and rofssional goals shouldbe sen: Divector 
‘Search Committe, Bigel Laboratory, PO Box 475, W. hothbay Harbor, 
ME DIST USA or Bigelow director biglow.org +1 207-633-618 Kevi 
‘of applications wil begin by Apett 1 2007, 

An Affirmative Acton Equal Opportunity Employer 


SCHOOL OF MEDICINE 
Postdoctoral Position in HIV Molecular Biology 
Department of Molecular Biology and Microbiology 
A POSTDOCTORAL SCHOLAR/RESEARCH ASSOCIATE 
POSITION is available in the group headed by Dr. Jonathan Karn, 
Chairman ofthe Department of Molecular Biology and Microbiology at 
the Case Wester Reserve University School of Medicine. The Departint 
hha strong testo the Case Center for AIDS Research, aod is curently 

undergoing a period of rapid expansion 
‘The work of Dr. Kam’s group focuses on the control of HIV transrip- 
ving projets concer biochemical and genetic studs ofthe 


publeation sc: Kim etal ENBOd 
‘may be viewed at ttp:/iwww.case.eda/med/microbiorkarn.htm: 


96-3604, 2006, Further details 


‘ThepositionofPOSTDOCTORALSCHOLARIRESEARCH ASSOCI- 
ATE is open to candidates with less than 5 years posidoctoral experience 
Salary and benefits in keepin with NIH scales, and relocation expenses 
will be provided. Exceptionally qualified and more senioe applicants will 
‘be considered fora Insiricior position. Experience inthe biochemistry 
of transcription, molecular virology and/or gene expression ia mani- 
‘malian cells is essential. For further information onthe position and for 
detailed instructions on how to apply, please visit: hitp2/iwww.case.cd! 
‘med/microbio/karnpostdoc.htm. Itcrescd applicants are asked to visit 
the website, complete a brief online application and provide a letter of 
application, curriculum vitae, brief statement of research goals and 
accomplishments, and names and coatact information of three profes: 
sional references. Please respond by March 31, 2007. Applications will 
be considered upon receipt. 
In employment, as in education, Case Western Reserve University is 
commited to Equal Opportunity and Workd Class Diversity 


Automation Chemist/ 
Instrument Specialist 


The Merck Catalysis Center in the Chemistry Depart 


ment at Princeton University is engaged in supporting 
academic research in the area catalytic reaction de 
‘opment as par ofa fast-paced discovery environment, 


Job responsibilities for this position include, but are not limited to 

‘operating modifying computer-based procedutes for the control of 

automated high-throughput equipment, preparation of caalyst/ligand 

libearies and the maintenance of laborairy instrument 

Of laboratory equipment include Hiquid and solid disper 

‘parallel reactor systems, and analytical instrumentation (HPLC 
‘opportunity for a motivated 


The jobcandidate will havea Ph.D (or MS, degree with extensive experi- 
cence) in chemistry and with practical experience in working with HTS 
instrumecatation. The candidate should have proficiency in the operation 
and maintenance of automated HTS instrumentation, analytical instru 
‘ments (SFC. HPLC, GC, LCMS), and glove boxes, ete. It would be 
<csirable to have a strong background in analytical characterization, 
specifically in development of chiral HPLC/LCMS'GC/SFC methods 
{well as computer programming skills. The ability 10 work in team 
‘environment is required with effective imerpersonal skills to communi 
cele clearly and interact with academic collaborators (faculty, graduat 
‘students, and postdoctoral associates), 


Applicants should send their CV. a brief statement of research imerests 
ans thace ltrs of reference 10: Ms. Caroline Phillips, Department 
‘of Chemistry, Princeton University, Princeton, NJ 08544-1009. For 
information aboot applying to Prinoston and bow to self-idemify, please 
link w http:/web.princeton.cdu/sites!dof/ ApplicantsInfo.htm. 


Princeton University is an 
Equal Opporiunity/Affirmative Action Employer. 
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SIXTY FACULTY POSITIONS 
Université Claude Bernard Lyon 1, Lyon, France 


Université Claude Bemard University Lyon 1 is offering 60 tenure-trick positions 
{associate and full professors) in the following fiekds: mathematics, physics, chemistry 
computer si misiry, biology, 
pharmaceutical and medical 

‘consult our web site www.univ-lyoa fr and to click on “portal de mobilité”. They 
will find a short description of the different positions offered in terms of teaching and 


ence, mechanical engineer 


ig. electronics, bioch 


BOSTO 


UNIVERSITY 


The Department of Pharmacology & 

Experimental Therapeutics at Boston 

University School of Medicine (http: 

‘iwww-bume.bu.edu/busm/pm) has open 
atthe Assistant, Associ 

rofessor levels 

with an interest in transla 


research activities 
detailed information. Appointees will be se 
‘committees. Indications on the selection procedur 
found on our Web site, The appointed faculty m 
successful research prey 

in undergraduate 


and 


‘of science including life science and 


‘on three main 


wes, Lyon, in the b 
largest city with 1.2 million people f 
and gastronomy 


More information about Lyon can be found in the Higher Educa 
Researcher's Guide http://www.lyoncampus.org/pagesguide/ 


Applications sho before Mareh: 


xcs adm.uni-ly 


fr. 


sed through national and local se 


nbers are expected 
and secure extramural funding. They will be 
nd graduate student education and research, The university is one 
‘of the largest in France with more than 30 000 students involved in all the domains 
incering, It can boast of a very strong and 

‘place in moee than 90 laboratories carryi 
health, material, and envir 

art of France's second most important 


igion i the third 
igher education 


}.2007 for positions opened in September 
\o: Prof. LP, Mornes, Vice Prosi 


‘ence oF with research progr 
disciplines such as canesr, cardiovascular, 
‘or infectious discase biology are especially 
1 apply. The Department has 
strengths ma broad range of research areas 
including learning and memory, neuropep- 
tides, substance abuse, neurodegencrative 
diseases, ncuroinflammation, anxiety, and 
epilepsy. The Department administers an 
active university-wide pharmacological 
‘program that is supported 
by an NIGMS 132 and awards « combined 
PhD inPharmacology-Biomedical Neurosci 
‘ence of Pharmacology-Cell and Molecular 
Biology. 
Interested individuals should send a CY, 
statement of research directions and up 10 
hoe publications to: David H. Far Ph.D 
‘Chairman, Department of Pharmacology 
& Experimental Therapeutics, Boston 
University School of Medicine, 715 Albany 
‘Street, L-603, Boston, MAO2118, 
J Equal Oppornunity/Affrmative Action 
Employer 


mental 


Grant for Postdoctoral 
Positions in Sweden 


The grant will enable researchers with 
Swedish or non-Swedish doctorates 
(PhDs or equivalent) to work at Swedish 
higher education institutions or research 
establishments. The programme will span 
two years. Research areas: Natural Sciences, 
Engineering Sciences, Humanities, Social 
Sciences and Educational Sciences. 


Application documents will be posted on 
the website at the end of February. The 
last application date is 29 March 2007. 


WWW.Vr.se 


FACULTY POSITIONS IN 
MAGNETOENCEPHALOGRAPHY 


MEDICAL The Hoslund Brain tmaging Center and the 
Department of Neurology at the University of 
EENTER Katee Medical Center stektve faculty} 


areas of interest include but are not limited to speech, language, and, 
hearing, motor control, brain injury, and signal processing. Clinica 
activity includes integrated multi-modality imaging in epilepsy and 
brain tumor pre-su 


Rescarch (2 positions): (i) senior faculty (Professor or Associate 
Professor) who will lead the research MEG program and continuchiver 
furaded research program: (i) 3 junio faculty (Assistant Professor) who 
will focus on his her own computational or applied MEG researc, 


epiologist (Profes 


‘who will directa Comprehensive Epilepsy service and lead the clinical 
MEG program, 


The faculty members will 
or clinical programs at isting university 
rescarchers, Research candidates should have a doctoral degree in 
neuroscience oF related discipline. Clinical candidates should have 
an MD. with specialist training in epilepsy. Experience and research 
funding in MEG or EEG ts highly desirable. Facilities include whole 
thea ana fetal MEG systems and 3T (human) and 94 (animal) MRI in 
a dedicated rescarch building, Fuhr details ofthe HBIC program are 
atwwwdkume.edu/hoglund. Competitive salary and start-up packages 
are available 

Interested individuals should send a statement of research interest and 

William M. Brooks, Ph.D. 
Director, Hoglund Brain Imaging Center 
‘wbrooks a kume.cda 


jimi 


uOttawa 


Université canadienne 
Canada’s university 


The University of Ottawa, at the 
heart of Canada’s capital, is one 
of our country’s leading 
research universities. We are a 
cosmopolitan community of 
‘over 40,000 students, faculty 
and staff who live, work and 
study in both English and 
French. We are proud to be 
Canada’ university. 


FACULTY OF MEDICINE 
Department of Cellular and Molecular 
Medicine 


The Faculty of Medicine at the University of Ottawa is presently undergoing a 
significant strategic expansion of research within its basic science departments 
with a specific focus on molecular cellular and systems approaches to 
understanding fundamental questions of cellular function and growth and 
development. In the context of this overall strategy, the Department of Cellular and 
Molecular Medicine is presently inviting applications for tenure stream Faculty 
Positions from outstanding candidates at all career stages. Strong candidates using 
innovative approaches to study important biological problems are invited to apply, 
although in this application cycle priority will be given to applicants with research 
interests in Molecular and Cellular Biology to complement and extend existing 
research strengths in 


Regulation of Growth Control 
Developmental Genetics 


Molecular Physiology 


Regenerative Medicine 


Successful applicants will be provided with generous and comprehensive 
start-up packages and will be housed within a new 100,000 sq.ft, state-of-the-art 
‘expansion of the Faculty of Medicine’s Health Sciences complex. Canada Research 
Chairs will also be available to exceptional candidates. Successful applicants will 
possess a Ph.D.and are expected to develop vigorous independent research 
programs and to contribute to the teaching mission of the Department. The 
University of Ottawa is a bilingual institution, thus proficiency in both English 
and French is an asset. 


As Canada’s National Capital, Ottawa is a vibrant and attractive city with a high 
standard of living. 


More information on the Department can be obtained at. 
http://www.uottawa.ca/academic/med/cellmed/ 


Interested individuals are requested to submit a curriculum vitae,a list of at least 
three references and a statement of research interests to: 


Chair 
Search Committee 

Department of Cellular and Molecular Medicine 
Faculty of Medicine 

University of Ottawa 

451 Smyth Road 

Ottawa, Ontario 

Canada K1H 8MS 

mhincke@uottawa.ca 


Electronic submissions are encouraged and applications will be accepted until 
April 30,2007 


www.u Ottawa.ca 


According to government policy, all qualified candidates are invited to apply, however, preference 
‘wil be given to Canadian citizens and permanent residents. The University of Ottawa is an equal 
‘opportunity employer 


ienceCareers.org 


ScienceCareers.org 


MICHIGAN STATE 
UNIVERSITY 


Tenure Track Posit Nutrition 


Department of Food Science and Human Nutti 


hupi//wwwushn.msi.edu/nutrition, pd. 
icans shoul! sub 
Pal ile wo ddeffséomsu.edu 


Nutrition Search Committee, Department of Food Science and 
Human Nutrition, Michigan State University, East Lansing, ML 
48824-1224, Fax: 517-353-8903 

Apa Sr 


CARDIOLOGIST 


TRANSLATIONAL RESEARCH SCIENTIST 


Hitchcock Medical 
tir wo new Bculey 
rifiedlig 


sis Research Comet 
ing an inde 

ony and develop 

eo An experi 

catch & pa The succesful 
‘caching in the Experimental 
e i 

and CT imaging 


Please e-mail your curriculum vitae, a description of your research 

program, carter or ‘the ree references tot 
clsimonse'dartmouth.eda, Dr. Michael 

Angiogenesis Research Center, Dartmouth Medical School, 

Lebanon, NH 03756. 


fds, DARTMOUTH-HITCHCOCK 
Mepicat CENTER 
www.dhme.org 


A Tenure Track Associate Professor 
Position for Medical/Dental Engineering 
Tohoku University 
Graduate Schoo! of Dentistry 
Sendai, Japan 
http:/www.ddh.tohoku.ac.jp 


Tohoku University Graduate School of Dentistry is secking a 
scientist who is eligible to be independently engaged im resea 
smodical/ental engineering. including medical dental tissue engin 
system cell engincering. medical/dental biomaterials, nantomate 

bioimaging, bioinformatics, medical/dental robotics, biomechanics 
‘nanomedicine, ranodentisry and o related areas. We encourage worten 


The successful applicant is expected to be enrolled ia a of 
Frontiers of Advanced Interdisciplinary Area” that is sponsored by 
Ministry of Education, Science, Culture, Sports and Tech pan 
This program covers the period of 2007 through March 31, 2011, and 
offers annual salary for the tenure track associate professor and one 
‘F technician), Financial 
supports for equipment and reagents are also awarded. D 
tendof the program, the researcher wil be abe to obtain tenured 
afte evaluation by the committee 


additional researcher (postdoctoral fel 


Interested applicants should send curriculum vite, a 
PDF files of major papers (less than 5), summary of previo 

wel as Future research plans in about 1,000 words, alist 

ants awarded previously. and three recommendation ete _ 
‘and contact information of three references) to: Tohoku University 
Graduate School of Dentistry. Personnel Section, Address: 4-1 
Seiryo-machi, Aoba-ku, Se 
‘den-jind bureau.tohoku.ae.jp: Fax: +81 (Japan) 


Deadline for application is April 16, 2007. A committee consis 
intra- as well as extramural members will select a successful ap 


through paperreview and interview. 


MERCK & CO., INC 


Director — Structural Biology 
Merck & ¢ din 187, i 


Discovery of Great Orugs demands cet 


scovery of Great People 


Faculty Positions in Clinical Research 


The University of Massachusetts Medical School and its clinical partner, UMass Memorial Health Care, have identified 
the expansion of clinical and translational research as a major institutional priority. The new Department of Clinical and 
Translational Seience will play a leading role in the expansion of the clinical research enterpt 
Massachusetts Medical School and UMass Memorial Health Care and will be housed in th 
Education and Clinical Practice Center, currently under construction, 


The University of Massachusetts Medic: 
ing more than $174 million in res 


School is one of the fastest growing medical schools in the country, atract- 

ly. The University of Massachusetts Medical School has built a 
ily producing notewonhy advances in clinical, epidemiolog 
‘and basic research. University of Massachusetts Medical School faculty member, Craig Mello, PhD, along with Andrew 
PhD from Stanford University, shared the 2006 Nobel Prize in Physiology or Medicine for the discovery of RNA 


In the first phase of development of the Department of Clinical and Translational Science, three senior tenured or tenure 
track faculty will be recruited to head up three major Divisions in the Department. We seck leaders to build strong research 
and education programs, and core support facilities, in Epidemiology and Biostatistics, Bioinformatics, and Community 
Research within the new Deps ence. These Divisions will support the mission of 

opment of a broad agenda in clinical, epide- 
Ith of communities and populations, and to 


miological, and translational research in order to positively impact the hi 
serve as a national model for others 


The Directors will develop Divisions that perform internationally recognized research, education, and serviee, providing 
support for intendisciplinary research and educational programs that link basic, clinical, and translational research within 
the Medical School, the Graduate School of Biomedical Science, the Graduate School of Nursing, the UMass Memorial 
Health Care system, and the wider Central Massachusetts community 


Division of Epidemiology and Biostatistics: In axldition (o their own research, faculty in this Division will support 
research programs of investigators from clinical and basic science departments in developing innovative methods for 
epidemiological and statistical analysis of clinical trials. observational studies, outcomes research, and health services 
This Division’s faculty will play a major role in teaching epidemiology and biostatistics in clinical research 
ims including an MS degree research and a recently initiated PhD Program in Clinical and 
Population Health Research. 


Division of Bioinformatics: Beyond their own re faculty in the Division of Bioinformatics will support research, 
programs of investigators from clinical and basic science departments. We are particularly interested in bioinformatics 
research focused on genetic variation, proteomics, metabolism and bioinformatics in populations enrolled in observ: 


tional studies, randomized trials, and large disease registries. Faculty in this Division will play a major role in teaching 
bioinformatics in the graduate PhD and clinical research training programs. 
Division of Community Research: Faculty and staff in this Division will work to ensure that clinical and translational 


research conducted throughout the institution is integrated into the community. Responsibilities include promoting com- 
‘munity and health care provider participation in clinical and translatio ty; and leading efforts to increase levels 
id diversity of subject participation in research. The faculty in this Division will participate in developing a curriculum. 
and training clinical investigators in community-based participatory research. A strong track record of peer-reviewed, 
community-based research will be required 


Applicants for these Division Director positions must have an MD and or PhD degree, postdoctoral experience or equiva- 
-vements. Candidates must be committed to excellence in graduate 
lependent extemal funding for their research. Applicants must have shown leadership 
\ee as Well as the ability to Work as part of an interdisciplinary team, 


Applicants should send a CV, statement of research interest, and names and addresses of three references to: John L, 
Sullivan, MD, Chair, Department of Clinical and Translational Science, Vice Chancellor for Research, Office of 
Research, S1-859, University of Massachusetts Medical School, 35 Lake Avenue North, Worcester, MA 01685-0002, 
Documents may be submitted electronically at DCTS@ umassmed.edu. 


The University of Massachusetts is an Affirmative Action/Equal Opportunity Employer: 
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Basic Scientist Faculty Position 
ular Bi 


Neonatal Pulmonary Biology/V: 


grog 3 
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G. Ganesh Kondurl, MD * Chiet of Neonatology 
Department of Pediatrics 
Medical College of Wisconsin 
{8701 Watertown Plank Road + CCC410 
‘Milwaukoo, Wi 53228 
“414-266-6820 
kondu@mew.edu 
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(Chien Specialty Groupe 
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Careers win Mass Appeal 


Assistant Professor Clinical Toxicologist 


Department of Clinical Laboratory and Nutritional Sciences 


TBe en ofMasachsey Lowel a codec a or a Cla 
pT ee 
Seema hc a secs a petrccemnnr sins 
Sr eperaey Ceaetatenet fo eta Sent are 
Peel ceoe cern cah kt haar nike Sled 

Gent righ Rae Noninst toe Cano xen 
Cee ee er tarentt i ingcaul a Gemgere amy 
eSsaraeaeaes Cater eaten eye? 


sm on his ope 
Katpwwecamleduhropenangs 
Applications wl be reccvd wil postion i le. The postion wil tart in 

cb 307. Appcats ae raqasted to sd cola sae, Sates 
Pica and cote crn oi shat fires reer 
Scarch Comite Chair, Profwer Eugene Rogers PD., MT (ASC, 

meat of lial Laboratory and Nutro Sens, 

Udvcrty of Manachosats Lowel, Selman Way, Sua 
Lowell MA 01884 USA 
Job Reference AFCORONOGD 
ma cove ler and ume to chtniclogy@ui cba 
Peacindade reference umber in sabes eof ema 
Unrerty of Mamachucts Lonel isan Egual OpportanityAfirmatve 
‘Aeon, Te 1X HON, nd ADA 190 Exepaner " 


please vst 


INSTITUT PASTEUR OF SHANCHAL 
‘CHINESE ACADEMY OF SCIENCES 
PI Recruitment 

The natu Pasteur of Shanghai (IPS), Chinese Academy of Siences is secking 
‘outstanding young Principal Investigators wth previous experiences in HIV. 
hepatitis B aid C, and emerging viruses causing acute respiratory infection 
to reinfone its world-laverexcarch projects in novation and dhacoveries of 
‘methods woprevent and reat viral disease, including the development of vax 
‘ines and breatments. The mission oF PS, CAS i promt and facial Bic 

archon virusentry andrelease ins assembly i bot cells and nteraction 

‘between vital proteins and hos factors. The scope ofthe esearch covers the 
tuderstanding ofthe natural history and mechanisms of viral infection and 
pathogenesis and the host immune response 
Candidates shall have a PhD. in basic virology and immunology, vial patho 
‘Reness, antiviral vaccine development or viral mmunology with outstanding 
Accomplishments in inlematinally well-known itittion, and a pood tack 
record of publications in high-level itematinal journals Candidates may Bs 
cligibe fr the 100 Talet programs From the Chinese Academy of Sciences. 
Candidates should beable to develop new projects based on national key po} 
cet and conduct good research work inthe id. PS, CAS offers large panel 

W core faxiliies and excellent werking conditions in 3 highly collaborative 
{vironment and in stong connection withthe Chinese Academy of Ssences 
tnd Pasteur Institute networks, Candidates shoul be able to work fll time in 
‘he Insite, The successful applicants will also demonstrate a commstment 
to postgraduate level teaching and taining program 

The initial appoinmentis ora pers of trce year renewable upon cvalsabon, 
Competitive salary will he commensurate wth expensences and qualifications 
Applicants should submit electronically a fll CV (in English that incu ise 
tory of raining, employment awards achievements a publication Est. ops 
summary of esearch intrest in the proposed fields of research, thee ltrs of 
ecomnmenatso and des of availablity peckraby by Mareh 30,2007 for fi 
batch of review to: Ms. Caroline Wu Institut Pasteur of Shanghai, CAS, 225 
South Chongaing Road, Shanghai, 200025, China: Tel: 86-21-6388-3 
Fax: 86-21-6384-3571; E-mail: nwuirsim.ac.cn. Percnal data colectod 
bbe used for recruitment purposes only. Please contact the following website 
for further information: www. ahanghalpasteur acca 


OZ 


Postdoctoral Fellowships 
Dartmouth College 
Life Sciences 


ical Sciences at Dartmouth College, with fund 
¢ Howard Hlughex Medical Istiute,secks applications fortwo 
HUM! Postdoctoral Fellowships in the Life Sclences. The HMI 
lowships are two-year, non-tenare track positions with NI NRSA scale 
sslarics and comprehensive Dartmouth health benefits: they are designed 
de farther training to beginning postdoctoral fellows inthe art of 
wand research, Each fellow will pursue aie sciencetelate research 
‘rojectin the laboratory ofa Dartmouth faculty member trom an appropriate 
‘Scpartment inthe As and Sciences, Medical School, or Enginecring Schoo 
‘Collaborative projects that involve more than one laboratory at Dartmouth 
willalso be considered, In addition, daring each ofthe two academic years 
‘that span tei Fellowship, ea fellow willbe paired witha senior faculty 
member with whotn they will co-teach an undergraduate course in biolopy, 
thus receiving substantial training under the guidance of an experienced 
faculty mentor. The goal of the HHMI Fellowships isto ensure that the 
fellows develop strong research and teaching erential 


Applicants should prepare a cover letcr, in which they indicate up to three 
laburatories with which they would lke to be affiliated (cootact with these 
laboratories prior to application submission is encouraged but not required 
sce bttp:/www.dartmouth.cdu/-biology/HHMIpostdoc.html for more 
information).a curriculum vita, anda statement of career goals and 

ing interests. These materials, plus tree eters of recommendation 
individuals qualified to comment on the applican’s credentials, should 
bbe sent to HHMI-Fellowsaa mac.dartmouth.eda, Materials may also 
bbe submited by FAN (603-646-1347) or U.S. mail (HHMI Fellowship 
‘Search Committee, Department of Biological Sciences, 6044 Gilman, 
Dartmouth College. Hanover, New Hampshire 03755), Consideration of 
applications will begin on 16 Apeil 2007 and continue util the postions 
{a filled. Fellowships will run for two years and could begin as early as 
1 September 207. 


Dartmouth College i an Equal Oppartunity/Affirmative Action Employer 
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OTOLARYNGOLOGIST 


The Section of Orolaryngalogy - Head and Neck Surgery at 
Dartmouth-Hitchcock Medical Center seeks a board certified 
cor board eligible Otolaryngologist for a full-time faculty posi- 
tton.The candidate should possess an interest in an academic 
‘reer and in the education of medical students and resi 
dents.This position will combine a general otolaryngology 
with a subspecialty practice in otology or pediatric otolaryn- 
gology. Fellowship training in otology/ neurotology or pedi- 
atric otolaryngology is desirable. Research incerests will be 
tencouraged. Academic rank will be commensurate with qual 
ications and experience. 


Interested applicants are encourage to send letters of 
inquiry and CV to: 


Daniel Morrison, MD, Chairman 
Section of Otolaryngology - Head & Neck Surgery 
Dartmouth-Hitchcock Medical Center 
‘One Medical Center Drive 
Lebanon, NH 03756 
‘Telephone: 603-650-8123 


Ais, DaxMoUTH-HiTcHe 
Mepicat CENTER 


DDaremou Hachcock Medal Center sa alematve sonia opportangy 
‘employer ands enpecalyirerested i Werahjing fora and moray exact 


www.DHMC.org 


Max-Planck-Institut fiir 
Ziichtungsforschung 
Max Planck iste fr Plan Breeding Research 


International Max Planck Research School: 
“The moleculr bass of plant development and 
‘enwronmental nteractons” 


10 Ph. D. Studentships 


ours (Szeged, Hang) inva apleations fx Pu. cS 
{eternal Mar Pench Reearen Schon OMPRS)n Cologne Garmary) 


ighy mote students 


ibectemsty. col baopy. ond mec merabol 
‘quer semarn sopervinan ots bers commas of fe revenh shoo so 
{AS curses peace! Coures an 09 reverse owt, animaaye MOM. 
}O-sovctura ens of pots, boswrmes. and nove man spectrometry 
sed poten ocho at parcipting matators. The programs aught 
Englah aed open osudonts Ham al Counes hing » Meters gro o 
Doom. 
For detaledidarnston stout ba appeaton process and te PRD. peogram 
(ease vst tne BPRS homepage tt ww mpe-toen mpg delenglavsatent 
‘etomstondxant Deadline apleatons & Ma 30207 
The Max nck Society i an ous pporunty ample We high ancourae 
tena scatat to app ore progren The fotowehg applewon shoud be 


Max Planck tn 
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‘VANDERBILT UNIVERSITY 
SCHOOL OF MEDICINE 


Faculty Position 
in 
Drug Disposition and Metabolism 
The Division of Clinical Pharmacology at Vanderbik Univesity 
School of Medicine is recruiting a tenured or tenure-track 


ulty member in the ficld of Drug Disposition and Metaboli 
Areas such as drug pharmacokinetics and pharmacodynamics, 


ransporters receptors, and mechanisms of drug metab 


lism ate of high interest, Vanderbilt has a superb environment 
related to Pharmacology and Clinical Pharmac: 
sesses outstanding cores to support this resca 


and pos: 


‘h 


Candidates with an M.D. and/or Ph.D. should: 
least three support- 


vitae, statement of research interests, 

ing letters from mentors or coll 
Dr.J ief 

Division of Clinical Pharmacology 

Departments of Medi 


lle TN 372. 
O15, 

Fax: 615 
Email: jason.morrow @ vanderbilt.eda 


Vanderbilt University School of Medicine is an 
Equal Opportunity/Affirmative Action Emplover. 


John B. Pierce Laboratory! =, 

Yale School of Medicine’ 3, 

Yale University aN 
‘e 


The John B. Pieroe Laboratory, an endowed research insite affiliated 
swith Yale University socks tocxpand its escarch program inbody energy 
balance by adding two outstanding scintists with active research pro 
grams im mtb 


METABOLISM/ENVIRONMENTAL PHYSIOLOGY 
The Laboratory takes a systems approach to physiology. integrating 
physiology with molecular biology, biochemistry, neuroscience, behay 


vor, and epidemiology. Programmatic interests include, hut are not 
ulatry, metabolic, and cardiovascular responses 


mi and or env iroameatal physiology 


bby humans and/oe animals to environmental simul. Join appointments 
are anticipated in the Department of Epidemiology and Public Health, 
Yale University Schoo! of Medicine 


Candidates should show evidence of ability to obtain external funding, 
Rank of appointment is open 


The Laboratory offers competitive salary, benefits, and start-up, as well 
san outstanding work environment. Applicants should submit hard and 
‘electronic copies Of CV, description of 3 
{ative publications, and namics of atleast three references to: 
Chair, Metabotisn/Environmental Physiology Search 
The John B. Pierce Laboratory, Ine. 
290 Congress Avenue 


Review of applications will begin on Mareh 1, 2007, and continue unit 
the positions are filled 


EOEMAA wom bpierce.org 
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ROAERT C. BRD HEALTH SCIENCES CASTER 


Associate Professor or Professor 
Center for Respiratory Biology 
and Lung Disease 


As part of a major growth initiative supportd 
bby ancw Strategie Research Plan (SRP), West 
Virginia University Health Sciences Center 
invites applications from outstanding scientists 
{ojoin the Center for Respiratory Biology and 
[Ling Diseases, The Centr is ane of ix intcs= 
Atsciplinary research centers boing established in 
accordance withthe SRP (Science, Sept 8, vol. 
313,p. 61, 2006). Preference willbe given to 
Taculty with established research programs and 
credentials for appointments Associate Profes- 
Sor or Profesor (tenurerack) in either a basle 
science orelinieal department in the Seool of 
Medicine. The goal ofthe Center is to develop 
an interdisciplinary group of collaborating bask: 
‘and clinical scientists focused on Wanslational 
‘esearch in respiratory biology and hung disease. 
Weare secking investigators that explore cllu- 
lar, molecular or genetic mechanisms of asthma, 
COPD or inflammatory lung injury resulting 
fhom viral bacterial or environmental exposures 
Respiratory complications due to childhood or 
adult obesity and associated vascular disorders 
arealso a high priority 


Appointce must have transferable NIH-ROI 
funding and a desire to participate in either 
{graduate and or health professional educa- 
Won, The Health Sciences Center has seven 
inerdisciplinary Ph.D. programs and a joint 
M.D/Ph.D. Scholars Program in the biomed 
«al siences which include graduate fully fom 
‘multiple departments. Appointce will receive a 
‘generous slar-up package, competitive salary, 
laboratory space and be named a Wyeth 
Research Scholar 


‘Qualifications: A Ph.D, M.D., or M.D/Ph.D. 
‘with significant research accomplishments 
Applications should ince euriculum vitae, 
‘cover letter with a brief description of research 
lierets andthe names and addresses (ical 
ing e-mail) of three references. E-mailed 
applications with attachments are preferred 
‘and should be addressed to Sandy Ammons: 
‘sammonséa hse.wyu.edu. Mailed correspon 
‘ence shouldbe addressed wo: Richard D. Dey, 
Ph.D. Search Committee Chair and Director, 
Cente for Respiratory Biology and Lung Di 
‘ease, PO Box 9130, West Virginia University 
Health Sciences Center, Morgantown, WV 
26506-9130 (rdey(a hse.wvuedu). Review 
‘of applications will continue untit positions 
are ile, 


‘West Virginia University is a comprehensive, 
public Camegie-designated Research institution, 
{with apprasimately 23,000 undergraduates plas 
5,500 graduate and professional students. The 
Heath Sciences Cente located on the university 
‘campus includes the Schools of Medicine, Phar 
‘macy, Dentistry and Nursing each having both 
Felt professional as well a graduate training 
programs. Two new ressarch buildings which 
Collectively provide 200,000 5 tof additonal 
‘esearch space ae under construction at Health 
Sciences to accommodate our research growth 
‘agenda. Morgantown has 5,00 residents and is 
‘ated as one ofthe best smal towns in the US. 

‘ith affordable housing. excellent schools, 3 
picturesque countryside and many outdoor 


est Virginia University kam Afiemative 
Action Equal Opportunite Employer: 


kd West ViginiaUniversity 
ROBERT C. BYRD HEALTH SCIENCES CENTER 


‘School of Pharmacy 
Professor or Associate Professor 


In accordance with the WVU Health Sciences Center (HSC) Strategic Research Plan (SRP) 
(Science, Sept 8, vol 313;p. 1461, 2006), we are secking an outstanding scientist to be appointed 
aa Wycth Research Scholar. The SRP is designed to expand research n specific thematic areas 
‘through the building of Unter disciplinary Research Centers for neuroscience, cancer cll biology, 
cardiovascular sciences, respiratory biology and lung diseases, immunopathology and microbial 
pathogenesis, as well as diabetes and obesity. Appointee will bea member of a Research C 

and have a primary faculty appointment in the School of Pharmacy. Candidates should have 
experience in ealth professional education and graduate rescarch training, Candidates with bio- 
smecdical research interests in either candiovascular diseases, diabetes and obesity, o lung diseases 
ane preferred forthe tile of Wyeth Research Scholar, Appoinice must have a transferable NIH-RO| 
Tunded research program. 


th significant research experience, Submit (e-mail preferred) 

contact information for three references to: Dr. Patrick Callery, Search 
“ommittee Chair, WVU School of Pharmacy, PO Bos 9830, Morgantown, WY 26806: 
pealleryahse.wyu.edu 


Associate Dean for Research and Graduate Studies 


The School of Pharmacy is secking an oustanding investigator as Associate Dean, The incumb 
will be expected 19 mai independent research program and develop collabo 
oscar efforts among the Departavents of Basie Pharmaceutical Sciences: Clinical Pharmacy: 
and Pharmaceutical Systems and Policy within the Schoo! of Pharmacy. The Associate D 
ist also advance the goals of the WVU Health Sclences Center (HSC) Strategie Research 
SRP) (Science, Sept. 8, vol. 313, p. 1461, 2006) and its newly formed six Lnterdisciplinary 
‘esearch Centers The position will be filed at either the Professor or Associate Profexso 
‘with expectations ofthe appointee to devote approximately SOs effet to aii 
50% effort toward research. Preference will be given to candidates with both pharmacy 
ist havea transferable NIH funded research program, The 
4, translational and clinical res 
‘clevant toa School of Pharmacy, arevord of ladership experience and excellent inerpersanal skills 


Qualifications: Ph.D, with significant research experience. Submit curriculum vitae and contact 
‘information (including eal) for thece references to: Suresh Madhavan, Ph.D, Search Com- 
mittee Chair, West Virginia University School of Pharmacy, PO Box 9510, Morgantowa, WV 
26806; smadhavanie hse.w sued 


Douglas Glover Endowed Chair for Clinical Pharmacology Research 


In accordance with the WVU Health Sciences Strategie Research Plan (SRP), the Schoo! of 
Pharmacy is seeking an outstanding scientist, educator and leader to serve as the Doulas 

‘Chair for Clinical Pharmacology Research. The Health Sciencesrescarch growth agenda 

the building of six thematic Haterdisciplinary Researeh Centers. Excellent opportunities exist in 
cach thematic area for collaborations with faulty involved in drug discovery and therapeutics as 
‘well as health outcomes research. Appointee must direct a transferable NIH-ROI funded research 
[rogram an have credentials for appointment at the Associate Professor or Professor lvel. The 
appointed investigator willbe expected to establish a major research program related wo basic clinical 
pharmacology. Patient care faiities at Health Sciences include a 460 bed University Hospital, at 
adjacent 70 bed Psychiatric Hospital, the Mary Babb Randolph (MBR) Cancer Center anda rosent 
‘90 be adition tothe Hospital 


Qualifications: Ph.D. or M.D. with significant research experience. Submit (e-mail preferred) 
curriculum vitae and cootact information for thrce references to: De. Patrick Callery, Search 

mittee Chair, WVU School of Pharmacy, PO Box 9830, Morgantown, WV 26506: 
pallery@hsc.wvu.edu 


“The Health Sciences Center — General Information: West Virginia University is public, 
prehensive, Camegie-designated rescarch institution, with approximately 23,000 unndergra 

plus 5500 graduate and professional students. The Health Scicnces Centr located onthe University 
‘campus includes the Sehools of Medicine. Pharmacy. Dentistry and Nursing: each with both health 
professional and graduate training programs. Two new rescarch buildings which collectively provide 
200,000 sqft ofaditional esearch pce are under construction at Health Sciences to accommodate 
‘our research growth agenda. Core facilitics exist for proteomics, ow cytometry confocal micros 
‘copy. gene chip analysis. cellular imaging. molecular meeting, transgenic biology. functional brain 
{maging (MRL PETICT) and pharmacogenomics. Morgantown has 35,000 residents and is rated 
sone of the best small towns inthe U.S., with affordable housing, excellent schools, a picturesque 
countryside and many outdoor activities. Appointees will receive research space, a competitive 
salary and start-up funds. Search processes will continue until all positions are filled. 


West Virginia University is an Affirmative Action Equal Opportunity Employer: 


reers.Org, 


‘ienceC 


ey 
Fa 
5 
2 
a 
Ss) 
¥ 
5 
3 
a 


Vice Provost for Research 


nd Economic Development 


The State University of New York System Administration, located in Albany. New 
‘York invites nominations anid applications forthe position of Vice Provost for 
®) Rescarch and Economie Development. The Vice Provost will work with fcul 
‘deans, ice. presidents foe rescarch, provosts and university presidents from 
F throughout the 6t-campus SUNY system to ead an promoas SUNY's esearch and 
PS ecooninic development 
2 Tye State University of New York isthe largest comprehensive university sytem inthe 
United Stats, with 10 doctoral ng to research universities that 
are members of AAU 
This is a newly-created postion within the SUNY Provost office The Vice Provost will he part 
‘of the senice aministralive team making decisions and revoenmcndations allt 
tnd research strength ofthe component campuses. ‘The first 
‘ofa large expected increment of salary and star-op funding that will cnvinue the university's 
program of "cusier hiring” in areas likely to win large grant suppor. In adition, tke Vice Proven 
‘Working with the Provost, wil have the challenge of woking with campus administrators to rota 
lin strong graduate students in onder to enable the SUNY system bath to meet is overall 
research goals and to recruit and retain the strongest esearch faulty on the iaividual campuses 
The Vice Provost will erve as the Provost’ liaison tothe Rescarch Foundation, a private noapeit 
‘educational verporation that administers exiemally furs contracts and grants fo and on bea 
The sponsored program grants and galls awards were in cess 
on in the 2005-06 fiscal yea. 
The Vice Provost will provide energstic leakerip in defining. and promoting synergistic research 
‘oppoctunties among SUNY campuses, and will provide vision, enerzy and leadership fora rescarc, 
thd economic development agenda linking SUNY with the entire Sue of New York 
AAs senior member of the academic affairs cam, itis expected thatthe Vice Provost will have an 
‘camed doctorate or equivalent degree and have had experience as a faculty micmber ina rescarch 
University setting. The individual should have hel the position of full professor with teaching and 
research accomplishments suitable fora tenured position at ape of ou Carnpuses 
The search is being co-haired by Provost Satish Tripathi University at Buffalo) and Provost Robest 
[McGrath (Stony Brook University Apply online at www.suny.dwSUPEmployment or a 
Fowume and. iter of application clearly identifying your interest by job tile wo: 
VPRescarch@sysadmsuny.cdu oe mail it to. Vice Provost for Research and Economic 
Development Search Committee, State University of New York Spstem Administration, Room 
‘T-BOL, State University Plaza, Albany, New York 12246, The anticipate start date May 1, 207 
University of New York isan EEO/AA employer: Women, minority person, dlubled wovkers 
andor Wem Bra Veterans or other proecied veterans are eacouraed to appt. 


Director 
Dell Pediatric Research Institute 
The University of Texas at Austin 


The University of Texas invites applications and nominations forthe postion of Director of the Dell 
Pediatric Rescarch Institute (DPRD), The successful candidate will play a pivotal role in creating 
this major new biomedical research institute. DPRI will be the first of several institutes planned 
for anew Health Research Campus at UT Austin located approximately three miles from the main 
UT Austin campus near downtown Austin within a 7H acre, new urban village. The DPRI will 
be housed in a new 180,000 1 building with capacity for 28 senior faculty and their esearch 
programs. The DPRI Director will be expected to play a major role in recruiting these faculty 
ienerous compensation and star-up packages will be available. We expect stcong interactions 
between DPRI scientists and those onthe UT Austin mai areas. 


Weare seeking a dynamic leader with demonstrated experience in administration and communica 
tion, ability to lead a major biomedical research unit, and ability to interact well with both private 
supporters and public education leaders i the state. Additionally. he ot she must have an earned 
PhD. of M.D, witha demonstrated record of accomplishment i biomedical research. The Dinve 
{or will report o the Executive Vice President and Provost and the Executive Vice Chancellor f 
Health Affairs through the Dean of the College of Natural Sciences 


The University of Texas at Austin is the flagship university ofthe UT System's 1S academic and 
health institutions. Among the top rescarch universities inthe US, UT Austin is home 0 almost 
50,000 students 2,700 faculty and 17,000 staff members, the largest graduate program in the nation, 
‘nd one of the largest total student enrollments. The University ceived more than $300 million 
ingrants and contracts, had more than 96 patents awarded lst year. and has recently completed 2 
‘successful seven-year capital campaign resulting in gifts totaling nearly S1.SS billion, 


Please submit a leter of womnination oe interest and for the later, a statement of experience and 

Dr Mary Ann Rankin, College of Natural Sciences G2S00, 1 University 
rity of Texas, Austin, Texas 78712. For ational information please sot 
fenssvtexas.edu/dpei 


The University of Texas is an Equal Opportunity Employer 
Qualificd women and minorities are encowrared W arp 
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Associate Professor or Professor 
Center for Immunopathology and 
Microbial Pathogenesis 
AAs pat of major research growth initiative 
Supported by a new Strategie Research Plan 
(SRE, West Virginia University Health Sei 
fences Center ix crating an oustanding sc 
‘ents 1o join the Center for Immunopathology 
and Microbial Pathogenesis. The Cemtr is one 
‘Of sn imterdiseipinary research centers being 
‘established in accordance with the SRP (Se 
fence, Set, vol 313,p. 461, 2006).A major 
foal ofthis intendscphinary comer in wo foster 
{ollaborations Betweenbasicand clinical inves: 
tigators at Health Sciences. We are especialy 
terested in scientists wth established rescarch 
rogram who have credentials fr appointinen 
ihe Associate Professor or Profesor rank 
the School of Medicine, Appoinise must have 
transferable NIH-RO! funding and desire 1 

aduate and/or heath 


seven interdisciplinary Ph.D. programs and 

2 joint M.D'Ph.D. Scholars Program in the 

biomedical sciences, 

The successful candidate will receive a gener 

‘ous startup package, compe 

excellent laboratory space, 

tig 

lammatory disease oF 

who are utiieing molecular biology andor 

‘molecular genetic approaches i 

Collaborative efforts with other basic 

as well as physician-cientists at the Health 

Scicnees Center who ae investigating inflany 

matory bowel diseases, vital mediated chronic 

respiratory diseases, pathogenesis mediated by 

biotilms, or inflammatory mediated vascular 

encouraged. The candidate's 

‘rack faculty appointment will bein a 

‘basic science or clinical department, For this 

specific position, appointment wou key he 

fn the Department of Microbiology. Immunol- 

‘ogy and Cell Biology or the Department of 

Biochemistry 

‘Qualifications: A Ph D., M.D. or M.D/PAD. 

with significant research accomplishments 

Applications should include cumiculum vitae, 

a brief description of research interests and 

‘contact information (including e-mail) for three 

references sent to: Christopher Cuff, Ph.D. 

Search Committee Chair, Center for lmti- 


Sciences Center, Morgantown, WY 26506- 
‘9106. Review of applications will co 
until the position i filled 
West Virginia University is a comprehensive 
alsignated Research institution, 
approximately 23,000 undergraduates plas 
5,500 graduate and professional students. The 
Health Sciences Center located on the university 
‘campus includes the Schools of Medicine, Pha 
‘macy, Demistry and Nursing: each having both 
health profesional as wells graduate raining 
programs. Two new research buildings which 
‘Collectively provide 200,000 q fof additonal 
research space are under construction at Health 
Sciences to accommadate our research growth 
‘agenda, Morgantown has 58,000 residents and is 
rated as one ofthe best small owns in the U.S, 
with affordable housing, excellent schools, a 
Picturesque countryside and many outdoor 
ex Virginia Universit sam Affirmative 
“Action Equal Opportunity Emplover 


Director of the Stroke Program 


The University of Kentucky - Lexington, KY 


The Univeriy of Kentucky invites applications and nominations forthe postion of Director ofthe Stoke Program. The Stoke Program is housed inthe Sonders 
Brown Center on Aging ofthe UK College of Medicine. In 1987, the Sanderstrown Center on Aging was designated by the Kentucky Council on Higher 
Education as 0 University Center of Excellence in Stake. To implement his designation, the Sonders own Center received on lltnert of funds o establish he 
Stoke Program 08 a mul-dsciplinary enterprise Focused on thoke prevention, Keatmert, rehabiliation, ond rexeorch Within the University of Kenivcy, the 
Soke Program has become the frum of vigorous research activity in he clinical, behavioral, and basic sciences relating fo circulatory disease of the bron, 
The position of Director is supported by endowment hnds combined with recuent satebosed funding sol support, ond extensive office laboratory space in 
the SondersBrowm Cenler on Aging. The Director wil be expected to implement a vision for continued growth ond development ofthe Skoke Program 
further echance the national prominence ofthe University of Kentucky in this Feld. Condites forthe position should have an M.D.,.Ph.D., oF M.D./PhD. 
degree. Acodemic neurologists or neurosurgeons wih necessary experience ond board cetfcatons to qualiy a he Professor level will be given preference 
We seek on individval wih 0 sustained record of NH kunding ond @ natienal/interraiondl repulsion for his or her investigative accomplishments in stroke 


Although all ara of investigative research pertinent 1 stoke will be considered, we are porticlry interested in (1) CNS plasty, recovery, 


rewoimaging, and (2] molecular biology, genetics, and cal signaling os applied to neural injry/srcke 


Application materiols shoud inclede a let, curcuham vitae, ond the names, addresses, ond email 


coddeesses of thee or more references, 


Inquires, ond expressions of interest should be forworded in confidence to: 
Rebeces Copeland, Deon's Offce/Colloge of Medicine 


[MN15O UKMC, 800 Rose Street, Lexington, KY 40536-0298 
Phone: 859-257-3861; Fox: 859-323-2039; Emalk:rbeoped @uky.edu 


Submission of maleticls via emai tachment is skongly 
encouraged. Applications willbe reviewed os they are received wnt! the poston i filed. Nominations, 


UK 


UNIVERSITY OF KENTUCKY 
College of Medicine 


bilitaon, 


SCHOOL OF BIOMEDICAL SCIENCES, THE UNIVERSITY OF QUEENSLAND, BRISBANE, AUSTRALIA 


Professor and Chair of General 
Physiology 

The role: Actively parcate in the schoo teaching program at both 
Undergrad and posigradvaalovl; ploy an importa academe 
led ra wt eco! and the wer Ura cars 

The person: Tho choo a pater terested ny encouraging aoosarts 
With oench programe ung loc and gararicyroteors eorecres 
‘Genet onoogey ect thers, pears rstharwa PO 
Crarmecicl degyooardbe corrontve wat e Asian oars ang 
Scho eppara tes eat ror pornos wih ete et 
‘chooks ne Urivrty seeking oes apporierts es oon as posto 
ard prelabeled of 2007 

Remuneration AL0S147 277 pa. Pree rc 17% maerarton 
Contrautors stir corning soporte 

Contact: Obtain the poston deeerpten and slcton cera one or 
entct Protoeor David Adams, tnophone +817 5905-2008 or emt 
dau ou. 

‘licaions close: 12 March 2007. Reerence Net 1017190. 


Professor of Regenerative Biology 
The role: Actively parcpata in te schoo teaching program at both 
Undergraduate and postgraduate level, pay an snporiat academic 
icadrp rl wn te cto an tho war Urey corms. 

The person: The sched sparta terested n encouraging aogants 
wrth rerarch programe rvotng grote reractone, gerome eQAOY 
Tamoria, Sovopneta veer st Gacesa ost epereraion snd 
{save rapa appicants must hve a PRO or & mecca Gag and be 
Compote with fe Ausra research kanng schemes, eppunites 
tat for fort appartments wh fstutes ond ott schoo he Urs 


\s soaking to make appointments as soon as possible and preferably betore 
the ord of 2007 

Remuneration: AUDS 147,277 pa. (Professor), ncucng 17% superauation 
‘contrbutons. Ful-ime continuing appoiniment. 

‘Contact: Obtan the positon description and salaction enter 
To discuss the role contact other Professor David Adams, 


{Wlophone +61-7-3985-2955 or mal ian Koy ug od au. 
Applications close: 12 March 2007. Reterence No: 3015648, 


Lecturer / Senior Lecturers in 
Developmental Biology (2 positions) 


‘The role: Actvely participate inthe schoo!’s teaching program at both 
Lrcerprackate and postoraduat lavas. 
‘The person: The schoo is particu interested in encouraging applicants 


‘Remuneration: AUDS77.514 ~ $92,048 p.a. (Lecturer 8) or AUDSO4,055 
~ $109,488 pa. (Senior Lecturer C), including 17% superannuation 
controutons. Ful-tme conieung appoints 

(Contact: Obtain the postion descriptions and selection crteria online. 
To discuss the roles Contact ether Professor Dawa Adams, telephone 
481-7-3385-2005 or emall dadarns@uq edu.au; or Professor Brian Koy, 
lelephone +61-73365-2055 oF ema bran kyu oc au, 

Applications close: 12 March 2007. Reference No: 1030926/1039763, 


How to apply: 


I Vist worwJobsatlO.net to cbtain a copy of he postion description and selection tera, 


ienceCareers. 
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ASSISTANT PROFESSOR 
‘of PLANT PATHOLOGY 

The Department of Plant Pathology at North 
Carolina State University, Raleigh, North Carolina, 
invites applications for 4 tenure-track, 12-month 
postion i plant pathology: This postion & peimar 
ily rescarch at the Avistant Profesor level. The 
inatvatual must have a PhD. with taining in ep 
tlemiology, ecology, plant pathology, or 3 closly 
related tek. The sixcevatl candate wil build 3 
Program that will provide kadership ia advancing, 
the understanding of plant discase epidemiology at 
the population oF ecomstem level The incumbent is 
expected to develop analtical oF simulation most 
‘cling methods that will further our understanding of 
the spatio-temporal tends in epidemic development 
in agricultural or natural ecosystems. The flv 
will hve the opportunity to vollaborate with strong. 
‘Ongoing programs in epidemiology, divcase fore 
‘sting, and population biology. The successful 
“andhidate i expevted to partipate in the graduate 
program by sdeveloping ‘nd teaching a churse in 
Eidvanced epidemiology, mentoring graduate sts 
‘na participating in other academic programs 

the’ Department of Plant Pathology. The 


‘with 
“anddate filling thie postion wil have a competitive 


Startup package incliding technical support. Appl 
‘ations will only be reseed eketeonicaly, and the 
position will remain open 


‘online spice 
thom form and attach to that application curiam 
vitae nding a fst of relevant publication 
Scripes, a description of research ana te 
fxs and goa, the names andl 
for three profesional references, 
by March'31, 2007. To submaie’ 
sition. materials, candidates. shoul v 
inttp://jobs nesu.edu/applicants/Central? 
«quitkhind??4948 ana folon the inactions there 
Hor addtional information vonerning this pont 
tion contact James Moyer, email: James moyer® 
nesucdu, Head, Department of Plant Pathology, 
North Carolina State University. finasnie inom 
ig Hinpeynent Oyporty. Neo Cantina Sat wt 
mesa pe odo trad oni, Pemoes 
th dishes eho wed meds tthe applicaon 
prs sl cot Stared Walker, Department of Pant 
beuthotogy, is telephone! 919-515-6698, 0 is email 
mare thence, 


POSTDOCTORAL ELECTROPHYSIOLOGIST 

A Postdoctoral postion is open foe an in vitro 
Elecurophysiologist in an intendsiphinary group at 
the Nanoscience Technology Center, University of 
Cental Horida (UCE), in Orlando. ‘Our group is 


interested in the development of high-theoughput 
«drug sereening/toxin detection methods based on 
intracellular /extracllular revondings from neurons 
Job responabilites inchide whole-cell patch clamp 


reconlings from neurons, duab-electrode recordings 


from connected neurons, characterizing, dra. effets 
fon currents and action. potential, ‘extracellular 
reconings, 


Requirements: Doctoral degree in) neuroscience 
‘or related fick, a solid background in whole-cell 
patch-clamp. Cell culture, extracellular recording, 
And mathematical modeling experience is. 2 plus 

Review of applications wil stat February 1 
2007, Candidates should submit curriculum vitae 
including summary of past accomplishments, re 
search experience, publications and three reference 
levters tor Ms. Raji Natarajan at 12424 Research 
Parkway Suite 400, Orlando, FL 32826, email: 
snataraj@mail.ucfed. Electronic applications are 
encouraged. UCK is an Affirmative Aion Empl 
Wien ad minnie ave emunacl to apply. UCE makes 
all appli materi, dung ieaipy dal sh 
‘mates sale pic eve wpon re, aoe 
trih Florida sane 
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UNIVERSITY of CALIFORNIA, BERKELEY 
Functional Genomics Labor 
“Amociate Specalie/Specialst. 
Salary: Range $46,872 w $92,772 
losing dave: March 12, 2067 

Deseprion: The Unncrty of Califor, Rerkly 
Functional Genomics Laboratory (FOU) (website: 
hhtp://microarrays-berkeley.cdu/) is scuing 
Iighiy mothated andi fo oncrce and manage 
the opcratinas ofthis campu supports, molar 
‘ore fadiy. The FGL spotaies m gene expression 
Sin other genomicelexcranahses wang sae ofthe 
ire DNA fmiceurray technologes Dut will 
“ine the planning and coordination of the waits 
‘rgind research together with the FGL Diccor, 
Samsung and coordinating cheat projects nd 
‘Sy-tosay management of the unis Seiten, in 
‘ning sopervaon of the FGL's more junior con 
ployees an traning of FGL chear went. The 
occ appbcan will manage the we ofthe unit's 
DNA microurayintrumentation, which prscntly 
includes an Affymcten GeneChip System, Apt 
tmimaray sytem, and routs He custom sposte 
Sry Gbriation. Duties will alo incde dean, 
[Performing and analyaing DNA microamay-bated cx 
Petient ineriing with FOL adminstave wal, 
End working sircty with KGL sacs and FOL 
‘lent cn projet involving DNA miroaray caper 
imeotation geet, ard atin al beara, 

‘Gualicstons Minimum of five year of caper 
nce in molecular Wlogy and genomics technolo 


forms, and robotics technologies. Abvfty 
Independently and supeniee and manage male 
[projects smukaneousl Attention to deta, cfctve 
Deginizational skills, and eflective commuacations 
‘sls (bodh written and oral). Applicants must have a 

S. or MA. degree i the bvological sciences oF 
‘elated area; Ph.D. is desirable but ot event 

To apply, candidates should send a coner letter 
summanang his/her background andl accomplish 
iments, curmculum vitae, inchading 4 Ist of pubic 
tions, and the names of three people wha’ can be 
‘Contacte for ites of recomme Maton 10" 
Functional Genomics Laboratory, </o Helen Wills 

‘Neuroscience Institute 
‘Atm; Associate Specialist/ Specialist Recruitment 
FGL 


132 Barker Hall 43190 


University of California 
Berkeley, CA'94720-3190 

Renu plater than March 

12, 2007, Sf Colona bs aw Egad 

ity Afi Aton Limpleyer All quid 


The Duke University Canter fir Compurationsl 
Immunology (website: http://www dulc.omg) sccks 
snpleants brs POSTDOCTORAL FELLOWSHIP 
to work on the devekapment of an ontology and 
Knowledgetuse for immunotology. and its formal 
representation for automated reasoning, The se 
‘cual canndilte will ave a recent Ph.D. in sme 
thology oF biology andl experience with a varity of 
‘molecular and cell biology experimental techniques. 
Expenence with ontology development, text mining, 
anh informanion eetneval, knowledge representation, 
‘or automated reasoning isan aiked strength, but we 
fre prepared to prowde training in thos ate 
Pleat submit an applation package conuctng of 3 
leeter of interest containing contact information and 
fitizemdip sate, cornculom witae and 4 one Page 
“Statement of roca interests, Please arrange to bane 
three letters of reference sent. The application pack 
age and reference Ketter should be submitted ec 
torical, as PDF files, to e-mail: harison-daniels@® 
dduke.edu. The positon will remain open wot fled 
Dake Uneenty a eal Opporinty Expy. Women 
‘and monte of minty vp wader ithe 
‘ous ae enrol to pty 


SUPERVISORY RESEARCH 
MICROBIOLOGIST/ ANIMAL SCIENTIST / 
‘VETERINARY MEDICAL OFFICER 
USDA/Agricultural Research Service 
‘National Animal Disease Center 
‘Ames, Towa 

‘The Pre: Harvest Food Say and Enns Diseases 
Research Unit conducts base and applied escach 
fn the microbiological safety of fonds of animal 
‘origin and selected acter entenedncses oF Wve 
Stock ‘The units scching an expertced Supervisory 
Rewarch Mictobiokogst, Anil Saentst, tr Veter 
inary Medical Officer to perfor inv 
Swell ay provi Iadership and manageme 
fecarch tnie The sicceml candidate wil pl 
eondost and report indepenMfentreseareh on ret 
inal cosiogy of commensal intestinal. populations 
that fcr the Balt of the anal host, contribute 
to the porustence of antimicrobial ewstanc, or i 
ras cloation by fa baton 

icy, animal 

tore the Bn egret, Kaw ‘of mi 
frinary meine to assess macotyal ecology ands 
nat om hasten colonization and pathogen 

ighly desirable. For i 


tothe 


urate with experience, Range fom 89,118 to 
$136,273, Comprehensive benefits package includes 
pak! anal and sick leave, if Insurance, health 
surance, and a federal retirement plan. Vacancy 
snounecments and application information can be 
‘lvl tom the. ARS. websitehtepi//www.atin, 
arsasda.gov /divsions/hnl/. For questions regan 
ing application procedures call Lynnette. Richey, 
telephone: §18-663-7278, Applications in response 
to tis a must be postmaried by May 1, 2007, an 
reference vacancy announcement numbst ARS-X7W 
O116. Approved by Latania Mae on January 29, 
2007. The USDA/ARS i Lap Opprmnty Pr 
‘and tng 


The University of Sc 

‘ancer € 
‘of Medicine atthe University of Southern Califor 
(USC) seeks applicants for faculty postions at the 
ASSISTANT, ASSOCIATE, and FULL PRO: 
FESSOR level in the following areas of” cancer 
elated tescarch: signal tansduction, cell cycle 
‘regulation, poptoss, autophagy, ant animal mel 
fof cancer. Orhcr areas of innovative cancer-related 
‘escarch will alo be considered. Succesful appl 
‘ante will ikl be investigators with fined research 
fprogeams. Send current currcululen site, erearch 
plan, and thrce letter of reference to: Dr Michael 
Stalicup, c/o Isabel Lora, University of Southern 
California/Noreis Comprehensive Cancer Cen’ 
ter, 1441 Eastlake Avenue, Room 8302K, MC- 
S11, Los Angeles, CA 90089-9181, USE: ican 
Eq Oppomny Epler: 


RESEARCH POSITION 
Columbia Unversiy 
College of Physicians and Surgeons 

POSTDOCTORAL scicatst to study molecular 
genetics of kidney dicascs in humans, Requires 
{raining in cell or molecular blogs at Ph.D,/M.D, 
Icyel. Price training in human genctics of stistical 
genetics 4 plus. Please send curriculum vitae and 
fumes of thrce references to: Dr. Ali Gharavi, 
Columbia University, Department of Medicine, 
P.O. Box 84, 630 W. Losth Street, New York, 
NY 10032 oF email: ag2239@columbia.cdu. 

Colum Cnierty a Eg Oppo Aimaive 
cs Eagle 
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ScienceCaree: 


POSITIONS OPE 


The Department of Anatomy and Neurobiology 
at the Virginia Commonwealth University’s School 
Medicine secks an excepeional individual co par 
tipute in the Department's complex teching mis 
‘sons in medial anal dental grow anatomy, Histology, 
cembyology, and neuroscience. Applicants should 
hve a Ph-D., M.D, or D.DS, with both postdoc 
toral resarch experienoe ainda demonstrated track 
recon in teaching the anatomical sciences. The Kal 
‘annie wil also have research experience that co 
pplements one of the Departmcat's major areas oF 
Scientific inquiry focusing on traumatic bean injury 
And repair. This postion ik offered at the callateral 
icvel at the rank of ASSISTANT PROFESSOR 
(£20640), with an excellent stating salary and fi 
University benefits. Interested candidates should 
send their curculunn sitac eter often aching. 
‘arcer goals and the names 
bers, 188 numbers, and © 
cremocs, Hector to e-mail anatrecruit® 
Neuedu ac prefered, For maling contact De. Toba 
Bigbee, Chair, Faculty Search Committee, Vie 
_ginia Commonwealth University, Department of 
Anatomy and Neurobiology, P.O. Box 980709, 
Richmond, VA 23298-0709, Deadline foe rxxpt of 
applications is Mach 20, 2007” Ving Comme 
Univoty sm Senal Opprtoty/ Abts Aion Ew 
Women, mehr, and penows with doahties a 
aged apy 


AVIAN RESEARCH ECOLOGIST 


The US, Geological Survey's Patuvent Wiki 
Research Center fn Laurl, Maryland, website: 
Itepe//wcwwpwreisgs.gov/_ seeks 3 fulbtime, 
OSS 
Airing research tn avian ology, cooly, and con 
Scrat, Arad vestigate Ecologies, 
analytes and prepares reports on sis 
that pond to reponal unt naonal coneration 
eh ear eo Depo nr 
ming a_ Webnews Row oh? 
The Deleared Examining Ue announce 
ment (een U0 a qualified US: citizen wil be 
Vacancy announcement number ER: 2007-0096; the 
MP announcement (open to. curent a fomner 
Heer employes) wil be vacancy announcement 
humier EIC2007-0107 Announcements wil open 
‘in February 20, 2007, an chve at midnight EST 
fon March 19, 3007. Deain-on the poston and 
Spnicton provide on the webu 


ASSOCIATE RESEARCH SCIENTIST 

Division of Vascular Surgery at Columbia Uni 
_yenity’s College of Physicians and Surgeons sco 
Xeaoclate Research Scichtise to study human vascular 
scases. Por training and experiences in vascular 
byology, gee therapy and stem cell technology te 
quired, Vour years of rescarch experience roquwed, 
Strong, shils fn communication, grant application, 
and manuscript preparation desired 

Please contact Drs. K. C- Kent and 
‘e-mail: bol200Lémed.comelled. 

‘Colunkis Unieraty te ABirmaie 
Oppornity Ringoes 


Aton ual 


POSTDOCTORAL POSETION is ssailable 10 
study drugepeotein interactions fn HIV-L reverse 
transcriptase Candidates shoud have a PRD. in 
chemistry or biochemistry and have experience i 
molecular biology, enzyme kinetics, abd protein 
structure analscs, Interested applicants should send 
‘curiculum vitae and names of three references tr 
Dr. Nicolas Sluis-Cremer, Division of Infectious 
Diseases, University of Pitsburgh School of 
Medicine, S817 Scaife Hall, 3550 Terrace Street, 

tsburgh, PA 15261. E-mail: cremem@dom. 
pitted, 

The Unity of Pat 
ployer 


ih ie an Kat Oppo 


1034 


POSITIONS OPEN 


NEUROSCIENCE POSTDOCTORAL FEL- 
LOWS. Two Nidt-funded Postloctoral Fellow 
postions avalible to study the molecular mech 
biome by which nicotink rcoepeor activation pro 
‘motes duction andalters the eulogy of Alzheimer's 
disease, Parkinson's disease, neuroinflammatior 
Sschicoplrenia, and autism. Significant eaperience 
Using molecular, protein, cell culture, transgenic, 
and imaging techniques and knowlodge of neuro 
Science w desirable. The Laboratory & part of the 
Tterdiciplinary Neuroscience Signatur Program 
and located inthe newly constructed Biomedical Re 
Search Tower with stte-of-theart facilities for 
Proteomics, genomic, and ncuroamaging. Please 
Non curriculum vitae and names of references tr 
Rene Anand, Department of Pharmacology’, 
Obio State University, 5072 Graves Hall, 333, 
W. 10th Avenue, Columbus, OH 43210 by c-mail 
to e-mail: anand 20@osu.cdlu. Ohi Sue Uva 
‘a Lipa Cppoenty Enger: 


Secral POSTDOCTORAL POSITIONS arc 
asaibble immediately to study vascular wall remo 
ling and/or angiogenesis apenence with balloon 
lnjury model of restenosis and/or angiogenesis is 
ahs desirable 
Salarice are highly compatible andl opportunities 
to become Inaructor/Asistant Profemor exis in 
the Laboratory. Highly motivated candidates with a 
Ph.D. and/or MD. degace and with demonstrated 
‘eapsrience in molecular biology, signaling, or ang 
is should send. heir curriculum tae and 
of references to: Prof. G. N. Rao, De 
pparument of Physiology, Univenity of Tennessee 
reath Science Center 94 Union Avenue, Mem 
phis, TN 38163 U.S.A. E-mail: grao@physiol. 
‘iemem.eds. 
he Univety of Vinee is an Eu Lnplyment 
Oppornaty Aimsive Aion /Tae VI"Tale IX/Secon 
$04 /ADAVADUA Emp 


INDO-US. SCIENCE AND TECHNOLOGY 
FORUM 

Fulbright House, 12 Hailey Road, Now Delhi-110 
‘001, India 


Website: hurp:/ /www:indoussttorg, 
SECOND CALL FOR PROPOSAL 2007 

The Indo-US. Science and Technology Forum 
(IUSSTE), exablshed under an agreement between 
the Governments of India snd the United States of 
Americ, i an autonomous, not for-profit society 
that promoees and catalyzes the Indo-US, bteral 

llaborations ia scence, technology, engineering, 
fn Biomedical research through subuantive inter 


Stomng. potential for generating follow-on activi. 
fod building long-term Indo-US, S&T relation 
ships. The IUSSTF promotes program that nurtures 
‘contacts Between the young and midcarcer scientist. 
Sind technolbgits and fosters active public private 
partnership in R&D. 

The IUSSTF solicits proposals thrive a yea (si 


mission deadline: February, Junc, October) joint 
ly submitted by the US. and Indian Principal 
Investigators from academia, govemment-funded 
fnsirutions/uboratores, and penate R&D entities 
for: (1) Knowlalge R&D networked and puble 
[vate networked Indo-US. centers, (2.) Bistcral 
‘Workshop, conerence, symposium, (3.) Trait 
Schools, 4.) Travel grans (1) To aal ead awarded 
fellowship and sabbatical posigons in US./Indis, 
(Gi) For sclcted U.S. pardspante to attend intcena 
tonal conferences / vents tna, i.) For pectic 
exploratory plan at large scale 
‘collaborations 

Detailed format available at website: herp:// 
wwe indousthorg. 

Fer further deri and clearunic sulin, con- 
‘act: Arabinda Mitra, email: amitra@indoussforg 
and Michael Cheetham, e-mail: mchectham@siedu. 

Subenison deadline 15 June 2007. Award an- 
‘souncement: mid September 2007. 


DIRECTOR, SCIENCE, and TECHNOLOGY 
DIVISION 
Enjoy Challenging, Work and Make Important 
‘Contributions to the Nation 

“Te stitute for Defense Anahes (IDA) it a not 
for proit corporation that operates three Federally 
Funded Resctch Centers (FERDCS), two sci 
the Department of Defenac (DoD) anone sein 
the Off af Science and Technology Paliy in the 
Excoutnve Office of the President. The IDA Ce 
fronile objectne anacs of national secur 
Pariculry those regu scicntic and techn 
Exportic, and conduct related research on oth 
‘atonal challenges, The sclentias and engincers in 
the Sscnce and Technology Dison, one of seven 
{eveach dnigons within the Aesandisbased Statics 
Sind Anales Center, condct ecology aessments 
“rial to esearch an devclopcot programs 0 A 
Sjustion decison as well 8 fo technology planing, 
{Echnology reais and cntwerprolirstion eft 
Perform technical characterization aid evaluations 
Sf devises and stem to acs the hits of por 
formance avaiable in thir operational environments 
sind the miso, capability they powiMe and Inve 
tiga an model ssentc phenomena 

‘Director leas the Divison in providing high 

getty oboe aod aides oe poamen che 
UGiie of be Secretary of Defense, the Joint Sa 
the Combatant Commands, and defense agcncien 
Sich ar DARPA and the Aiile Defense Agency 
The Divion abo proniles statis to othe federal 
agencies that condict research andor develop a 
‘Encad watems to apport natonal curity misin 
The Director manages an 80 sta sears level of ort 
anid supervises 3 highly trained sal, AB percent have 
PhDs The Director reports drcetly to the President 
orb 


ndvidual we sock must be familiar with the 
tational security research 
Interact effetincly wah ac hip ad stall 
sponsoring offices, In addition, he/she must be able 
{to work with the managers of leading research ist 
ons both within and outside the eral gover 
‘ment. He/she needs a working knowkdge of federal 
Accision-making procevacs lated to advanced tech 
ogy dcvelopments. Espericnee Working on teh: 
‘ology issues in government and/or sndusty i 
Mesirable. The succesfal candidate will be. wall 
‘educated, with a Ph D, in the sciences oF engineer 
ing. He/she mast have management eapericnes and 
4 proven ability to bull and overage the execution of 
5 program of diverse ssientific and technical stud, 
A'national reputation in 4 scent Jana el 
is 4 plus, The Director leads and works with an i 
telletually vibrant staff anid should have a geriine 
Intellectual curiosity in a variety of technica subjects, 

IDA offers a competitive salary, an excellent be 
sfits package and a superior professional working 
fenviranment, IDA is focated ina modern office 
faaiity, directly off an 
Pentagon. To the right individ 
‘opportunity to have a major impact on key national 
programs while working on fascinating technica 
{sswes. The selected individual will be subject to ase 
urtyiewestigation ana must meet the requiremen 
or access to claafied information, U.S. ritisensip 
is quired. 

Paw send reqponss of inquires to: Institute for 
Defense Analyses, 4850 Mark Center Drive, Ai 
Employment Oifice (Science and Technology 

ion Director), Alexandria, VA. 22311-1898. 
Email roumes@aorg fat 240-282-8314, Tie 
Irene fr Deere Analy proud 16 be an Lgl Op 
porno Lago 


I, IDA offers the 


lab.com 
Custom Peptide 10mg 90%: $19.59/aa 

included 
$1.20 
20 nmol PAGE purified: $285 


AB Production $785 peptic 
Gene Synthesis, 


siRNA 
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